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THE GENE FOR A DOF TRANSCRIPTION FACTOR CAPABLE OF ALTERING 

THE SIZE AND STATURE OF A PLANT 

[0001] This application claims the benefit of priority of the Provisional patent 
application Serial Number 60/406,657 filed August 28, 2002, herein incorporated by 
reference. 

FIELD OF INVENTION 

[0002] The present invention relates generally to plant genetic engineering, 
and specifically to a method for producing genetically engineered plants 
characterized as having altered size and stature. 

BACKGROUND OF INVENTION 

[0003] For each plant species, there exists a wide discrepancy in plant 
growth due to environmental conditions. Under most conditions, the maximum 
growth potential of a plant is not realized. Plant breeding has demonstrated that a 
plant's resources can be redirected to individual organs to enhance growth. 

[0004] Genetic engineering of plants, which entails the isolation and 
manipulation of genetic material, e.g., DNA or RNA, and the subsequent introduction 
of that material into a plant or plant cells, has changed plant breeding and 
agriculture considerably over recent years. Increased crop food values, higher 
yields, feed value, reduced production costs, pest resistance, stress tolerance, 
drought resistance, the production of pharmaceuticals, chemicals and biological 
molecules as well as other beneficial traits are all potentially achievable through 
genetic engineering techniques. 

[0005] Plant growth responds to the increased availability of mineral nutrients 
in the soil, but shoot and root growth respond differently. Moreover, a direct 
relationship between mineral nutrient availability and change of growth rate is rarely 
observed over a larger concentration range. This suggest that plant growth is limited 
materially by nutrients required for cell growth as well as by signaling pathways that 
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control the rate of organ growth for the overall benefit of the plant. Although the 
components of these regulatory pathways have not been identified, they define two 
distinct avenues to potentially improve plant growth. 

[0006] Plants rarely grow under optimal conditions. Plant growth can be 
limited by water availability, mineral nutrients and a short growing season. Drought 
tolerance in genetic variants of a given species is well correlated with the penetration 
depth of its root system into the soil. Fertilizers are often not optimally utilized 
because of insufficiently penetrating root systems. Although the induction of 
flowering can now be controlled, thereby extending the potential growth range of 
some important crop species, this does not in itself lead to increased biomass. 

[0007] The ability to manipulate gene expression provides a means of 
producing new characteristics in transformed plants. For example, the ability to 
increase the size of a plant's root system would permit increased nutrient 
assimilation from the soil. Moreover, the ability to increase leaf growth would 
increase the capacity of a plant to assimilate solar energy. Obviously, the ability to 
control the growth of an entire plant, or specific target organs thereof would be very 
desirable. 

[0008] SOB1/OBP3 is a member of the Dof family of transcription factors 
that, to date, remain unique to plants. Computer programs that predict gene 
function have identified more than 50 Dof transcription factors in the Arabidopsis 
genome (Riechmann, J.L. and Ratcliffe, O.J. (2000) Curr Opin Plant Bio 3:423-434). 
This family of transcriptional regulators shares a conserved DNA-binding domain 
made up of 52 amino acid residues in which a CX 2 CX 21 CX 2 C motif is predicted to 
form a single zinc finger, hence their name domain of one finger. These 
transcription factors are thought to have a common core recognition sequence of 
AAAG (Yanagisawa, S. and Schmidt, R.J. (1999) Plant J 17:209-214). 

[0009] Transcriptional activation, DNA binding and mRNA accumulation 
studies have been previously reported for OBP3 and two other OBPs from 
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Arabidopsis (Kang, H.-G. and Singh, K.B. (2000) Plant J 21:329-339). Though 
these studies show salicylic acid and auxin induction of all three OBP mRNAs, they 
have not revealed a role for these transcription factors during development. The 
experimental findings of Kang and Singh (2000) demonstrated that constitutive 
expression of the OBP3 gene in Arabidopsis results in severely dwarfed plants with 
stunted root growth. Applicants speculate that the differences in phenotypes 
between 35S::OBP3 (the nucleic acid construct utilized by Kang and Singh), and 
sob1-D phyB-4 (the nucleic acid construct of this invention) may be caused by the 
differences between constitutive expression seen with the CaMV 35S promoter and 
the amplified transcriptional expression patterns often seen in activation-tagging 
mutants (Neff, M.M. etai (1999) Proc Natl Acad Sci USA 96:15316-15323; Weigel, 
D. etai (2000) Plant Physiol 122:1003-1013). 

[0010] There is a need for a mechanism to genetically alter plants to 
efficiently and effectively control their size and stature with completely normal and 
healthy root growth. The present invention provides genetically stable plants that 
are either larger or smaller based on the over- or under-expression of the 
SOB1/OBP3 gene. Applicants further provide plant cells transformed by OBP3 to 
control photomorphogenesis. 

SUMMARY OF THE INVENTION 

[0011] The present invention is based on the discovery that a change in the 
size and stature of a plant can be achieved by altering the level of OBP3 expression. 

[0012] One aspect of the invention is a transgenic plant cell transformed by 
an OBP (OBF (ocs binding factor) binding protein) coding nucleic acid expression 
vector, wherein expression of the nucleic acid sequence in the plant cell results in an 
alteration in the size of the resulting plant as compared to a corresponding wild-type 
variety of the plant cell. In one embodiment, the OBP coding nucleic acid sequence 
is the OBP3 from Arabidopsis thaliana. 
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[0013] Another aspect of the invention is a transgenic plant cell transformed 
by an OBP (OBF (ocs binding factor) binding grotein) antisense coding nucleic acid 
expression vector, wherein expression of the nucleic acid sequence in the plant cell 
results in an increase in the size of the resulting plant as compared to a 
corresponding wild-type variety of the plant cell. In one embodiment, the OBP 
antisense coding nucleic acid sequence is the OBP3 from Arabidopsis thaliana. 

[0014] Another aspect of the invention is an agricultural product produced by 
any of the below-described transgenic plants, plant parts or seeds. 

[0015] Another aspect of the invention is an isolated OBP3 as described 
below. In one embodiment, the OBP3 is SEQ ID NO:2. Another aspect of the 
invention is an isolated OBP3 coding nucleic acid, wherein the OBP3 coding nucleic 
acid codes for OBP3 as described below. In one embodiment, the OBP3 coding 
nucleic acid is SEQ ID NO:1. 

[0016] Another aspect of the invention is an isolated recombinant antisense 
expression vector comprising: 

[0017] (a) a promoter, said promoter being functional in a plant cell; and 
[0018] (b) an Arabidopsis thaliana OBP3 antisense coding nucleic acid, said 
promoter being operably linked to said OBP3 antisense coding nucleic acid and said 
antisense coding nucleic acid oriented with respect to said promoter such that the 
RNA produced is complementary in nucleotide sequence and capable of hybridizing 
in a stringent manner to mRNA encoding Arabidopsis thaliana OBP3, wherein said 
OBP3 antisense coding nucleic acid comprises a nucleotide sequence of at least 15 
contiguous nucleotides of SEQ ID NO:1 compared to a corresponding wild-type 
variety of the host cell. 

[0019] Another aspect of the invention is a method for producing a 
transgenic plant having altered size as compared to the corresponding wild-type 
plant, said method comprising: 
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[0020] (a) transforming plant cells by introducing a nucleic acid vector 
encoding Arabidopsis thaliana OBP3; 

[0021] (b) producing plants from said transformed plant cells. 

[0022] In preferred embodiments, the OBP3 and OBP3 coding nucleic acid 
are as described below. 

[0023] Another aspect of the invention is a method for altering the size of a 
plant, said method comprising: 

[0024] (a) introducing a nucleic acid vector encoding Arabidopsis thaliana 
OBP3 into a plant cell; 

[0025] (b) regenerating the plant cell into a transgenic plant; 

[0026] (c) evaluating the change in size by comparing the plant obtained by 
introducing the nucleic acid molecule with the size of a corresponding wild-type 
plant. 

[0027] The methods described can be performed such that the size of the 
plant is either increased or decreased. For example, plant size is decreased via 
increasing the expression of OBP3 and plant size is increased via decreasing 
expression of OBP3. 

DESCRIPTION OF THE FIGURES 

[0028] Figure 1: The sob1-D mutation suppresses the phvB-4 long hvpocotvl 
phenotype . Figure 1 discloses plants resulting from the study carried out in Example 
2. Seedlings were grown for 10 days in white light (50 |jEm 2 s 1 ). Analysis of T2 and 
T3 generations indicate that the sob1-D mutation is dominant for suppression of the 
phyB-4 long-hypocotyl phenotype and semidominant for the leaf/petiole phenotype 
conferred by the homozygous suppressor shown here. F2 analysis from crosses 
with the wild type indicate that seedling and adult phenotypes are similar for both 
sob1-D phyB and sob1-D PHYB genotypes. 
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[0029] Figure 2: The pSOB-H rescued plasmid contains the entire 
OBP3/SOB1 open reading frame (ORR . Figure 2 discloses a plasmid according to 
Example 3. The pSOB1-H plasmid was cloned from sob1-D phyB-4 genomic DNA 
digested with the restriction endonuclease H/ndlll before ligation and transformation 
into E. colL Primer P1 was used for sequence analysis and identification of genomic 
DNA adjacent to the enhancer elements. Primers P2 and P3 were used for PCR 
analysis to demonstrate that the DNA adjacent to the enhancers in the pSOB1-H 
plasmid was the same as the genomic DNA in the sob1-D phyB-4 mutant. Primers 
P4 and P5, which flank a predicted intron (*), were used for RT-PCR analysis of 
OPB3 transcript accumulation in the sob1-D phyB-4 mutant. OBP3 has two potential 
transcriptional start sites (**). A Sad fragment containing the enhancer elements 
and the SOB1/OPB3 ORF was transformed into a phyB-4 mutant for recapitulation 
of the sob1-D phenotype. 

[0030] Figure 3; OBP3 transcript is overexpressed in the sob1-D phvB-4 
mutant . Figure 3 discloses results from the study carried out in Example 4. RT-PCR 
was performed essentially as described in (Neff, M.M. et al. (1999) Proc Natl Acad 
Sci USA 96:15316-15323). An agarose gel of EtBR-stained PCR products (1/6 th of 
the total reaction) is shown. Both primer pairs span a predicted intron allowing the 
identification of both cDNA and genomic DNA derived PCR products. The faster 
migrating (lower) band in each case is a product the cDNA template. Other nearby 
open reading frames did not have altered expression the sob1-D phyB-4 mutant. 

[0031] Figure 4: The sob1-D phvB-4 seedling phenotype is caused bv 
overexpression of OBP3 . Figure 4 discloses the seedlings resulting from the study 
carried out in Example 5. Seven-day-old seedlings were photographed after being 
grown in white light. Wild type (A), phyB-4 (B) and sob1-D phyB-4 (C) seedlings 
were compared with two independent phyB-4 primary transformants harboring the 
sob1-D recapitulation T-DNA (D and E). 

[0032] Figure 5: The sob1-D mutation confers dwarfism in adult plants . 
Figure 5 discloses the plants resulting from the studies carried out in Examples 5 & 
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6. Homozygous phyB-4 mutants that are SOB1/SOB1 (A), sob1-D/SOB1 (B) or 
sob1-D/sob1-D (C) were grown under greenhouse conditions for approximately two 
weeks. Heterozygous soM-D/+lines (B) suppress the long-petiole, shade-avoidance 
phenotype of phyB-4mutants (A). Homozygous sob1-D/sob1-D lines (C) are the 
most severe dwarfs. The zygosity of the sob1-D mutation was confirmed in the 
progeny from each self-pollinated plant. 

[0033] Figure 6: The sob1-D phvB-4 adult phenotype is caused by 
overexpression of OBP3 . Figure 6 discloses the plants resulting from the study 
carried out in Example 5. Adult sob1-D phyB-4 mutants (B) are severely dwarfed 
when compared to phyB-4 (A). Some primary transformants, heterozygous for the 
sob1-D recapitulation T-DNA (C), also exhibit the same adult phenotype as sob1-D 
phyB-4 homozygotes (B). 

[0034] Figure 7: sob1-D phvB-4 mutants have long hypocotyls when grown in 
the dark . Figure 7 discloses the results resulting from the study carried out in 
Example 6. Six day old wild-type (open bars), phyB-4 (single-hatched bars) and 
sob1-D phyB-4 seedlings (double-hatched bars) were grown in 50 mEm 2 s 1 of 
continuous white light (A) or darkness (B) before having their hypocotyls measured 
or photographed (C). The sob1-D mutation supresses the long-hypocotyl phenotype 
of phyB-4 in white light (A) and confers a long hypocotyl phenotype in the dark (B) 
with etiolated sob1-D phyB-4 mutant seedlings (C, right) resembling the wild type (C, 
left) and phyB-4 (C, middle). Error bars = ±1 SE from the mean of 3 independent 
experiments (n -30). 

[0035] Figure 8: sob1-D phyB-4 roots are longer than phvB-4 or the wild- 
type . Figure 8 discloses graphically discloses results from the study carried out in 
Example 6. Seedlings were grown in 50 mEm 2 s 1 of continuous white light on vertical 
plates. Their images were digitized with a flat-bed scanner at the same time each 
day. Root length was measured using NIH Image software. Error bars = ±1 SE 
from the mean from 2 independent experiments (n~20). 
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[0036] Figure 9: sob1-D phvB-4 hvpocotvls are hyper-responsive to light . 
Figure 9 graphically discloses results from the study carried out in Example 6. Six 
day old sob1-D phyB-4 hypocotyls (double-dashed line) were compared to those 
from the wild-type (solid line) and phyB-4 (single-dashed line) when grown in the 
dark and at varying intensities of white light. Error bars = ±1 SE from the mean 
(n~30). 

[0037] Figure 10: The sob1-D mutant's hyper-responsivitv to far-red light 
requires phvA . Figure 10 discloses seedlings resulting from the study carried out in 
Example 6. Seedlings were grown for six days in continuous far-red light before 
being photographed. The sob1-D mutation was genotyped by ifs linkage to the 
kanamycin resistance gene and confirmed by PCR. The phyA mutation was 
genotyped with a PCR-based dCAPS maker (Neff, M.M. et ai (1999) Proc Natl Acad 
Sci USA 96:15316-15323). 

[0038] Figure 1 1 : The sob1-D mutant's hyper-responsivitv to blue light 
requires crvl . Figure 1 1 discloses seedlings resulting from the study carried out in 
Example 6. Seedlings were grown for six days in continuous blue light before being 
photographed. The sob1-D mutation was genotyped by it's linkage to the kanamycin 
resistance gene and confirmed by PCR. The cryl mutation was genotyped with a 
PCR-based dCAPS marker (Neff, M.M. et ai (1999) Proc Natl Acad Sci USA 
96:15316-15323). 

[0039] Figure 12: Multiple OBP3 RNAi transgenic plants have reduced OBP3 
transcript accumulation . Figure 12 discloses the results from the study carried out in 
Example 6. RT-PCR analysis demonstrates that multiple OBP3 RNAi transgenic 
lines have reduced expression of OBP3 when compared to the wild-type. UBQ10 
primers were used as a template control. 

[0040] Figure 13: OBP3 RNAi transgenic plants are larger than the wild-typ e. 
Figure 13 discloses plants resulting from the study carried out in Example 6. OBP3 
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RNAi lines #1 and #2 (heterozygous for the transgene) appear to be significantly 
larger than the wild-type (Col-0). 

[0041] Figure 14: Overexpression of OBP3 causes dwarfism in adult 
tobacco. Figure 14 discloses plants resulting from the study carried out in Example 
7. Two-month-old wildtype tobacco plants (A) are compared to four independent 
transformation events containing the sob1-D/OBP3-overexpressing transgene (B 
through E). Unlike the wild type (A), transformation events #3 (B), #6 (C) and #34 
(D) are half the size of the wild type. Transformation event #7 (E) is a strong dwarf 
with small leaves. Unlike the wild type, all four independent transformation events 
have multiple shoots due to decreased apical dominance. All plants are the same 
age and have been grown under similar conditions. 

[0042] Figure 15: Overexpression of OBP3 causes dwarfism in adult 
tobacco. Figure 15 discloses the plants resulting from the study carried out in 
Example 7. This close-up shot of two-month-old tobacco compares the wild type (A) 
with two independent transformation events containing the sob1-D/OBP3- 
overexpressing transgene (B, and C). Unlike the wild type (A), transformation event 
#34 (C) has multiple shoots due to decreased apical dominance. Transformation 
event #7 (B) is a strong dwarf with small leaves and multiple shoots. All plants are 
the same age and have been grown under similar conditions. 

Abbreviation and Definitions 

[0043] To facilitate understanding of the invention, a number of terms are 
defined below. Definitions of certain terms are included here. Any term not defined 
is understood to have the normal meaning used by scientists contemporaneous with 
the submission of this application. 

[0044] As used herein, the term "plant" refers to either a whole plant, a plant 
part including seed, cuttings, tubers, fruit, flowers, etc., a plant cell, or a group of 
plant cells, such as plant tissue or plant seed and progeny thereof. Plantlets are also 
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included within the meaning of "plant". Plants included in the invention are any 
plants amenable to transformation techniques, including gymnosperms and 
angiosperms, both monocotyledons and dicotyledons and trees. 

[0045] Examples of monocotyledonous angiosperms include, but are not 
limited to, asparagus, field and sweet corn, barley, wheat, rice, sorghum, onion, 
pearl millet, rye and oats and other cereal grains. Examples of dicotyledonous 
angiosperms include, but are not limited to tomato, tobacco, cotton, rapeseed, field 
beans, soybeans, peppers, lettuce, peas, alfalfa, clover, cole crops or Brassica 
oleracea (e.g., cabbage, broccoli, cauliflower, brussel sprouts), radish, carrot, beets, 
eggplant, spinach, cucumber, squash, melons, cantaloupe, sunflowers and various 
ornamentals. Examples of woody species include poplar, pine, sequoia, cedar, oak, 
etc. Tree species include but are not limited to: fir, pine, spruce, larch, cedar, 
hemlock, acacia, alder, aspen, beech, birch, oak, gum trees, poplar and the like. 

[0046] As used herein, the term "variety" refers to a group of plants within a 
species that share constant characteristics that separate them from the typical form 
and from other possible varieties within that species. While possessing at least one 
distinctive trait, a variety is also characterized by some variation between individuals 
within the variety, based primarily on the Mendelian segregation of traits among the 
progeny of succeeding generations. A variety is considered "true breeding" for a 
particular trait if it is genetically homozygous for that trait to the extent that, when the 
true-breeding variety is self-pollinated, a significant amount of independent 
segregation of the trait among the progeny is not observed. In the present invention, 
the trait arises from the transgenic expression of one or more DNA sequences 
introduced into a plant variety. 

[0047] Alterations in "characteristics of a plant" refer to any changes in at 
least one of morphology of a plant and color of a plant, more specifically, any 
changes in at least one of morphology of a flower, color of a flower, a size of a plant, 
and the number of branches. These changes are evaluated by comparing the 
characteristics of a plant obtained by introducing a gene of the present invention 
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with the characteristics of a plant (wild-type, horticultural type or wild accession 
variety) before introducing the gene. "Wild-type" refers to any plant or plants 
(mutant, horticultural variety or wild accession variety) that can be used for 
transformation by the methods of the present invention, but have not been 
transformed with the genes of or by the methods of this invention. These "wild-type" 
plants are used as a control for comparison to the corresponding (i.e. plants from the 
same variety grown under the same conditions) plants that have been transformed 
by the methods of this invention. Comparison of the wild-type plants and the 
transformed plants of this invention can be made by comparing the resulting 
characteristics of a statistically significant population of a parental non-transformed 
line ("wild-type") and the characteristics of a statistically significant population of the 
transgenic siblings with statistical analysis by t-test. A successful transformation of 
the plants of this invention can be demonstrated by unpaired t-test preferably 
wherein P=0.15, more preferably wherein P=0.10, most preferably wherein P=0.05. 

[0048] Alterations in morphology of a flower and/or color of a flower are 
examples of preferable alterations of plant morphology. (Hereinafter, the term 
"flower" refers to petals unless otherwise specified.) 

[0049] Examples of altered morphology of a flower include, but are not 
limited to, morphology which may be caused by an alteration in a shape of an 
individual petal (large petals, small petals, sawtooth-shaped petals, round petals, 
wave-shaped petals, etc.), morphology which may be caused by an alteration in the 
number of petals (double flower, single flower, etc.), and morphology which may be 
caused by abnormal development of petals (star-shaped petals, etc.). 

[0050] Examples of color change of a flower include, but are not limited to, 
single colors such as white, scarlet red, salmon pink, rose, pink, blue violet, violet, 
pale violet, sky blue, violet red, and yellowish white, and multi-color patterns of two 
or more colors (e.g., variegation, spots, marginal variegation, coloring of an outer 
edge of a petal). 
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[0051] Examples of a changed size of a plant include, but are not limited to, 
a dwarf and a semi-dwarf. The dwarfism is preferably about 1/2 or less, more 
preferably about 1/3 or less of a standard size of the plant before the introduction of 
the gene. An example of altered branch number includes but is not limited to 
increased branching. 

[0052] Changed characteristics of a plant include preferably morphology 
caused by an abnormal development of petals, a double color pattern, a dwarf, or 
increased branching; and more preferably a combination thereof (e.g., a 
combination of abnormal development of petals and a double color pattern and/or a 
combination of a dwarf and increased branching). More preferably, changed 
characteristics of a plant include morphology of a star shape, coloring of an outer 
edge of a petal, a dwarf, or increased branching; and more preferably a combination 
thereof (e.g., a combination of morphology of a star shape and coloring of an outer 
edge of a petal and/or a combination of a dwarf and increased branching). 

[0053] As also used herein, the terms "nucleic acid" and "nucleic acid 
molecule" are intended to include DNA molecules (e.g., cDNA or genomic DNA) and 
RNA molecules (e.g., mRNA) and analogs of the DNA or RNA generated using 
nucleotide analogs. This term also encompasses untranslated sequence located at 
both the 3* and 5' ends of the coding region of the gene. 

[0054] The term "transcription factor" as used herein refers to a protein 
which binds to a DNA regulatory region of genes to control the synthesis of mRNA. 
Some transcription factors are known to have a highly conservative amino acid 
sequence called a zinc finger motif in their DNA binding domains. 

[0055] As used herein, the term "hybridizes under stringent conditions" is 
intended to describe conditions for hybridization and washing under which 
nucleotide sequences at least 60% homologous to each other typically remain 
hybridized to each other. Preferably, the conditions are such that sequences at 
least about 65%, more preferably at least about 70%, and even more preferably at 
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least about 75% or more homologous to each other typically remain hybridized to 
each other. Such stringent conditions are known to those skilled in the art and can 
be found in Current Protocols in Molecular Biology, 6.3.1-6.3.6, John Wiley & Sons, 
N.Y. (1989). A preferred, non-limiting example of stringent hybridization conditions 
are hybridization in 6XSSC at about 45°C, followed by one or more washes in 
0.2XSSC, 0.1% SDS at 50-65°C. Examples of moderate to high stringency 
conditions include, for example, include initial hybridization in 6X SSC, 5X 
Denhardt's solution, 100 g/ml fish sperm DNA, 0.1% SDS, at 55 C for sufficient time 
to permit hybridization (e.g., several hours to overnight), followed by washing two 
times for 15 min each in 2X SSC, 0.1% SDS, at room temperature, and two times for 
15 min each in 0.5-1X SSC, 0.1% SDS, at 55 C, followed by autoradiography. 
Typically, the nucleic acid molecule is capable of hybridizing when the hybridization 
mixture is washed at least one time in 0.1 X SSC at 50°C, preferably at 55°C, more 
preferably at 60°C, and still more preferably at 65°C. Washing can be carried out 
using only one of these conditions, e.g., high stringency conditions, or each of the 
conditions can be used, e.g., for 10-15 minutes each, in the order listed above, 
repeating any or all of the steps listed. However, as mentioned above, optimal 
conditions will vary, depending on the particular hybridization reaction involved, and 
can be determined empirically. 

[0056] As used herein, a "naturally occurring" nucleic acid molecule refers to 
an RNA or DNA molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). 

[0057] As used herein, the term "allelic variant" refers to a nucleotide 
sequence containing polymorphisms that lead to changes in the amino acid 
sequences of OBP3 and that exist within a natural population (e.g., a plant species 
or variety). Such natural allelic variations can typically result in 1-5% variance in an 
OBP3 nucleic acid. 

[0058] As used herein, the term "analogs" refers to two nucleic acids that 
have the same or similar function, but that have evolved separately in unrelated 
organisms. As used herein, the term "orthologs" refers to two nucleic acids from 
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different species, but that have evolved from a common ancestral gene by 
speciation. Normally, orthologs encode proteins having the same or similar 
functions. As also used herein, the term "paralogs" refers to two nucleic acids that 
are related by duplication within a genome. Paralogs usually have different 
functions, but these functions may be related (Tatusov, R. L. et al. (1997) Science 
278:631-637). 

[0059] As used herein, the term "biologically active portion of" OBP3 is 
intended to include a portion, e.g., a domain/motif, of OBP3 that participates in the 
developmental pathway affecting the size of a plant or participates in the 
transcription of a protein involved in the developmental pathway affecting the size of 
a plant. 

[0060] As used herein, an OBP3 "chimeric protein" or "fusion protein" 
comprises an OBP3 polypeptide operatively linked to a non-OBP3 polypeptide. An 
OBP3 polypeptide refers to a polypeptide having an amino acid sequence 
corresponding to OBP3, whereas a non-OBP3 polypeptide refers to a polypeptide 
having an amino acid sequence corresponding to a protein which is not substantially 
homologous to the OBP3, e.g., a protein that is different from the OBP3 and is 
derived from the same or a different organism. Within the fusion protein, the term 
"operatively linked" indicates that the OBP3 polypeptide and the non-OBP3 
polypeptide are fused to each other so that both sequences fulfill the proposed 
function attributed to the sequence used. 

[0061] "Homologs" are defined herein as two nucleic acids or proteins that 
have similar, or "homologous", nucleotide or amino acid sequences, respectively. 
Homologs include allelic variants, orthologs, paralogs, agonists and antagonists of 
OBP3s as defined hereafter. The term "homolog" further encompasses nucleic acid 
molecules that differ from the nucleotide sequence shown in SEQ ID NO:1 (and 
portions thereof) due to degeneracy of the genetic code and thus encode the same 
OBP3 protein as that encoded by the nucleotide sequences shown in SEQ ID NO:1 . 
As used herein a "naturally occurring" OBP3 refers to an OBP3 amino acid 
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sequence that occurs in nature. Preferably, a naturally occurring OBP3 comprises 
an amino acid sequence of SEQ ID NO:2. 

[0062] The term "plant expression vector as used herein refers to a nucleic 
acid sequence in which various regulatory elements, such as a promoter for, 
regulating expression of the gene of the present invention, are linked to each other 
so as to be operable in a host plant cell. 

[0063] The term "plant promoter" as used herein refers to a promoter that 
functions in a plant. 

[0064] The term "terminator" as used herein refers to a sequence positioned 
downstream of a region of a gene encoding a protein, which is involved in the 
termination of transcription of mRNA, and the addition of a poly A sequence. The 
terminator is known to contribute to the stability of mRNA, thereby affecting the 
expression level of a gene. Examples of such terminators include, but are not limited 
to, CaMV 35S terminator and a terminator of a nopaline synthase gene (Tnos). 

[0065] The term "growing" or "regeneration" as used herein means growing a 
whole plant from a plant cell, a group of plant cells, a plant part (including seeds), or 
a plant piece (e.g., from a protoplast, callus, or tissue part). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00661 Genes and their alleles and homoloas for plant phenotype alteration 
related to size 

[0067] SOB1/OBP3 is a member of the Dof family of transcription factors 
that, to date, remain unique to plants. Computer programs that predict gene 
function have identified more than 50 Dof transcription factors in the Arabidopsis 
genome (Riechmann, J.L. and Ratcliffe, O.J. (2000) Curr Opin Plant Bio 3:423-434). 
This family of transcriptional regulators shares a conserved DNA-binding domain 
made up of 52 amino acid residues in which a CX 2 CX 21 CX 2 C motif is predicted to 



15 



WSHU 2064.1 
PATENT 



form a single zinc finger, hence their name domain of one finger. These 
transcription factors are thought to have a common core recognition sequence of 
AAAG (Yanagisawa, S. and Schmidt, R.J. (1999) Plant J 17:209-214). 

[0068] The present invention is based on the unexpected observation that a 
Dof transcription factor, and in particular OBP3, when expressed at levels other than 
those expressed in a wild-type plant, may affect the aerial growth of a plant without 
affecting the root growth of the same. An illustrative Dof transcription factor, OBP3 
(also known as SOB1), is provided herein, although the invention is to be 
understood to include any Dof transcription factor having the activity as described for 
this illustrative species. The transcription factor OBP3 is involved in regulating the 
size and stature of a plant. Specifically, the present invention is based on the 
observation that increasing the amount of OBP3 results in plants that are smaller in 
size and stature than plants containing normal amounts of OBP3 , while decreasing 
the amount of OBP3 leads to plants that are larger than plants with normal amounts 
of OBP3. 

[0069] Based on these observations, one embodiment of the present 
invention provides methods for altering the size and stature of a plant which 
comprises the step of genetically altering the plant, using molecular techniques 
commonly known in the art, so the plant has an altered level of OBP3 when 
compared to a non-altered plant sufficient to alter the size and stature of the 
developing plant. Examples of such techniques are disclosed in the examples 
below. Examples of such alterations include alterations in the size of the aerial 
portion of the plant, including for example, alterations in the leaf, including 
alterations in the shape, color, and number of leaves, and the length of the petiole; 
alterations in the number, shape, and color of petals; alterations in branching; and 
alterations in the height. Alterations may also be effected in the non-aerial portions 
of the plant, including the root tissue and the hypocotyl. Examples of such 
alterations include, for example, alterations in root mass and length and alterations 
in hypocotyl mass and length. All above-mentioned alterations include both an 
increase and decrease in such characteristics. 
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[0070] The reduced growth phenotype, commonly referred to as the dwarf 
phenotype, may be a useful trait for improving crop yield, for example, by reducing 
the shade-avoidance syndrome exhibited by many crop plants when grown at high 
density. Generally, in response to being within shade caused by nearby vegetation, 
plants will alter their architecture in an effort to escape the shaded area. As such, 
plants develop a shade avoidance response which is generally characterized by an 
increase in elongation growth, which is an inefficient use of a plants resources, and 
thereby results in a decrease in the degree of branching and a shortened flowering 
period for the plant, http://www.kcl.ac.uk/kis/schools/life_sciences/ 
life_sci/DevlinR.html. Reduction in shade avoidance allows a plant to utilize its 
resources more for growth and production of leaves, fruits and seeds, wasting less 
of its resources on stalk growth, and thereby results in a healthier and more 
productive plant. Reduction in shade avoidance also allows for higher density 
planting. In addition, the dwarf phenotype may also be used, for example, to 
generate varieties of horticultural plants with semi-dwarfed aerial portions and 
normal roots, such as for example, turfgrass with semi-dwarf blades and normal 
roots. Such would allow for a denser growing grass (i.e., a greater number of blades 
per unit of soil). 

[0071] Accordingly, one embodiment of the invention is a transgenic plant 
cell transformed by a nucleic acid sequence encoding an OBP3 polypeptide, 
wherein expression of said polypeptide in the plant cell results in an alteration in the 
size of the resulting aerial portion of a plant generated from the cell without dwarfing 
root tissue as compared to a corresponding wild-type variety of plant. In another 
embodiment of the invention, the polypeptide is over-expressed resulting in a 
decrease in the size of the resulting aerial portion of the plant as compared to a 
corresponding wild-type variety of plant. In yet another embodiment of the invention, 
the OBP3 is Arabidopsis thaliana OBP3 and orthologs thereof. 

[0072] In a particular embodiment of the invention, the nucleic acid sequence 
encoding the polypeptide is selected from the group consisting of (a) the nucleotide 
sequence shown in SEQ ID NO:1 , or the complement thereof; (b) a nucleotide 
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sequence that hybridizes to said nucleotide sequence of (a) under a wash stringency 
equivalent to 0.1X SSC to 2.0X SSC, 0.1% SDS, at 50-65°C, and which encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
40% or less; (c) a nucleotide sequence encoding the same amino acid sequence as 
said nucleotide sequence of (a), but which is degenerate in accordance with the 
degeneracy of the genetic code; and (d) a nucleotide sequence encoding the same 
amino acid sequence as said nucleotide sequence of (b), but which is degenerate in 
accordance with the degeneracy of the genetic code. In another embodiment, the 
nucleic acid sequence encoding the polypeptide encodes a polypeptide having 
activity differing from that of Arabidopsis thaliana OBP3 by about 30% or less. In 
another embodiment, the nucleic acid sequence encoding the polypeptide encodes 
a polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by 
about 20% or less. In another embodiment, the nucleic acid sequence encoding the 
polypeptide encodes a polypeptide having activity differing from that of Arabidopsis 
thaliana OBP3 by about 10% or less. 

[0073] Likewise, plants may be grown that demonstrate an increase in the 
size of the aerial portion of the plant. Such is achieved by repressing the expression 
of OBP3 in the plant. Accordingly, one embodiment of the invention comprises a 
transgenic plant cell transformed by an antisense nucleic acid sequence 
complementary to a nucleic acid sequence encoding an OBP3 polypeptide, wherein 
said antisense nucleic acid sequence results in an increase in the size of a resulting 
plant as compared to a corresponding wild-type variety of plant. In another 
embodiment, the OBP3 is Arabidopsis thaliana OBP3 and orthologs thereof. 

[0074] In a particular embodiment of the invention, the nucleic acid sequence 
encoding the OBP3 polypeptide is selected from the group consisting of: (a) the 
nucleic acid sequence shown in SEQ ID NO:1, or the complement thereof; (b) a 
nucleic acid sequence that hybridizes to said nucleotide sequence of (a) under a 
wash stringency equivalent to 0.1X SSC to 2.0X SSC, 0.1% SDS, at 50-65°C, and 
which encodes a polypeptide having activity differing from that of Arabidopsis 
thaliana OBP3 by about 40% or less; (c) a nucleic acid sequence encoding the 
same amino acid sequence as said nucleotide sequence of (a), but which is 
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degenerate in accordance with the degeneracy of the genetic code; and (d) a 
nucleic acid sequence encoding the same amino acid sequence as said nucleotide 
sequence of (b), but which is degenerate in accordance with the degeneracy of the 
genetic code. In another embodiment, the nucleic acid encoding the polypeptide 
encodes a polypeptide having activity differing from that of Arabidopsis thaliana 
OBP3 by about 30% or less. In another embodiment, the nucleic acid encoding the 
polypeptide encodes a polypeptide having activity differing from that of Arabidopsis 
thaliana OBP3 by about 20% or less. In another embodiment, the nucleic acid 
encoding the polypeptide encodes a polypeptide having activity differing from that of 
Arabidopsis thaliana OBP3 by about 10% or less. 

[0075] Any plant that can be genetically altered using molecular techniques 
and any plants propagated containing the genetic alteration can be used in the 
present method. Such plants can also be altered according to the present invention. 
Methods known in the art for moleculariy altering a plant are discussed in detail 
below. The preferred plants include both dicot and monocotyledonous plants. The 
most preferred plants are plants with economic value as a food or biomass source, 
or horticultural plants. Such plants include, but are not limited to, turfgrasses, leafy 
plants such as tobacco, spinach, and lettuce, maize, wheat, rye, oat, triticale, rice, 
barley, soybean, peanut, cotton, rapeseed, canola, manihot, pepper, sunflower, 
tagetes, solanaceous plants, potato, tobacco, eggplant, tomato, Vicia species, pea, 
alfalfa, coffee, cacao, tea, Salix species, oil palm, coconut, perennial grass, and 
forage crops and seed bearing plants such as rice, corn, soy bean, etc. 

[0076] Moreover, the present invention includes transgenic plants and plant 
parts, such as for example, seeds, fruits, leaves, and flowers, comprising the 
transgenic plant cells. Additionally, the present invention includes agricultural 
products produced from the transgenic plant cells, plant parts, or plants disclosed herein. 

[0077] The methods of the present invention rely on altering plants using 
molecular techniques. Molecular techniques refers to procedures in which DNA is 
manipulated in a test tube during at least one stage of the process, such as the 
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direct manipulation of DNA or the use of shuttle host such as bacterium. Additional 
examples of molecular techniques include, for example, methods of using PCR to 
multiply a nucleic acid of interest for introduction and expression in a plant or plant 
cell via expression vectors or direct introduction of the nucleic acid; methods of using 
nucleic acid libraries to determine, isolate, introduce, and express a nucleic acid of 
interest into a plant or plant cell via expression vectors or direct introduction of the 
nucleic acid; isolation of nucleic acid segments, concatemerization of said nucleic 
acid segments into a larger nucleic acid, introduction, and expression of the same in 
a plant or plant cell via expression vectors or direct introduction of the nucleic acid; 
and isolation of mRNA from a gene, creation of cDNA from the mRNA by reverse 
transcription, and introduction and expression of the same in a plant or plant cell via 
expression vectors or direct introduction of the nucleic acid. Such methods are well 
known in the art and are described in, for example, Sambrook, et a/., Molecular 
Cloning: a Laboratory Manual, Cold Spring Harbor Press (1989). Some of the 
techniques that are used to alter a plant are discussed in more detail below. 
Molecular techniques are differentiated from classical genetics in which randomly 
occurring spontaneous mutants or classical mutagenic techniques are applied to a 
given plant type. Some altered plants are presently known in the art that have been 
generated through non-molecular techniques such as random mutation. 

[0078] It should be noted that the present invention encompasses not only 
the specific DNA sequences disclosed herein and the polypeptides encoded 
thereby, but also biologically functional equivalent nucleotide and amino acid 
sequences. The phrase "biologically functional equivalent nucleotide sequences" 
denotes DNAs and RNAs, including chromosomal DNA, plasmid DNA, cDNA, 
synthetic DNA, and mRNA nucleotide sequences, that encode polypeptides 
exhibiting the same or similar activity as that of the enzyme polypeptides encoded by 
the sequences disclosed herein when assayed by standard methods, or by 
complementation. Such biologically functional equivalent nucleotide sequences can 
encode polypeptides that contain a region or moiety exhibiting sequence similarity to 
the corresponding region or moiety of the presently disclosed polypeptides. 
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[0079] One can isolate polypeptides useful in the present invention from 
various organisms based on homology or sequence identity. Although particular 
embodiments of nucleotide sequences encoding the polypeptides disclosed herein 
are shown in the various SEQ IDs presented, it should be understood that other 
biologically functional equivalent forms of such polypeptide-encoding nucleic acids 
can be readily isolated using conventional DNA-DNA or DNA-RNA hybridization 
techniques. Thus, the present invention also includes nucleotide sequences that 
hybridize to any of the nucleic acid SEQ IDs and their complementary sequences 
presented herein, and that code on expression for polypeptides exhibiting the same 
or similar activity as that of the presently disclosed polypeptides. Such nucleotide 
sequences preferably hybridize to the nucleic acid sequences presented herein or 
their complementary sequences under moderate to high stringency as disclosed 
above (see Sambrook et al., 1989). 

[0080] The present invention also encompasses nucleotide sequences that 
hybridize under salt and temperature conditions equivalent to those described above 
to genomic DNA, plasmid DNA, cDNA, or synthetic DNA molecules that encode the 
same amino acid sequences as these nucleotide sequences, and genetically 
degenerate forms thereof due to the degenerancy of the genetic code, and that code 
on expression for a polypeptide that has the same or similar activity as that of the 
polypeptides disclosed herein. 

[0081] Using the above-described molecular techniques, and others known 
to those of skill in the art, one of ordinary skill in the art can isolate homologs of 
OBP3 comprising the amino acid sequence shown in SEQ ID NO:2. Said homologs 
would be useful in the present methods. Preferably, the homologs will have an 
amino acid sequence that exhibits at least 80-85%, more preferably 90%, and most 
preferably 95%, 96%, 97%, 98% or even 99% identity or homology with all or part of 
the Arabidopsis thaliana OBP3. Preferably, the homologs will also have an activity 
differing from that of Arabidopsis thaliana OBP3 by about 40% or less; more 
preferably by about 30% or less, even more preferably by about 20% or less, and 
most preferably by about 10% or less. Sequence identity can be determined using 
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the "BestFit" or "Gap" programs of the Sequence Analysis Software Package, 
Genetics Computer Group, Inc., University of Wisconsin Biotechnology Center, 
Madison, Wl 53711. 

[0082] One subset of these homologs is allelic variants. Allelic variants can 
be identified by sequencing the nucleic acid sequence of interest in a number of 
different plants, which can be readily carried out by using hybridization probes to 
identify the same OBP3 genetic locus in those plants. Any and all such nucleic acid 
variations and resulting amino acid polymorphisms or variations in OBP3 that are the 
result of natural allelic variation and that do not alter the functional activity of OBP3, 
are intended to be within the scope of the invention. 

[0083] Moreover, nucleic acid molecules encoding OBP3 from the same or 
other species such as OBP3 analogs, orthologs and paralogs, are intended to be 
within the scope of the present invention. These nucleic acid molecules can be 
isolated according to the methods disclosed above. Analogs, orthologs and 
paralogs of a naturally occurring OBP3 can differ from the naturally occurring OBP3 
by post-translational modifications, by amino acid sequence differences, or by both. 
Post-translational modifications include in vivo and in vitro chemical derivatization of 
polypeptides, e.g., acetylation, carboxylation, phosphorylation, or glycosylation, and 
such modifications may occur during polypeptide synthesis or processing or 
following treatment with isolated modifying enzymes. In particular, orthologs of the 
invention will generally exhibit at least 80-85%, more preferably 90%, and most 
preferably 95%, 96%, 97%, 98% or even 99% identity or homology with all or part of 
a naturally occurring OBP3 amino acid sequence and will exhibit a function similar to 
OBP3. Preferably, the orthologs will also have an activity differing from that of 
Arabidopsis thaliana OBP3 by about 40% or less; more preferably by about 30% or 
less, even more preferably by about 20% or less, and most preferably by about 10% 
or less. Orthologs of the present invention are also preferably capable of 
participating in determining the size of plants. Sequence identity may be determined 
as described above. 
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[0084] In addition to naturally-occurring variants of an OBP3 sequence that 
may exist in the population, the skilled artisan will further appreciate that changes 
can be introduced by mutation into the nucleotide sequence of SEQ ID NO:1 , 
thereby leading to changes in the amino acid sequence of the encoded OBP3, 
without altering the functional ability of the OBP3. For example, nucleotide 
substitutions leading to amino acid substitutions at "non-essential" amino acid 
residues can be made in the sequence of SEQ ID NO:2. A "non-essential" amino 
acid residue is a residue that can be altered from the wild-type sequence of OBP3 
without altering the activity of said OBP3, whereas an "essential" amino acid 
residue is required for OBP3 activity. Other amino acid residues, however, (e.g., 
those that are not conserved or only semi-conserved in the domain having OBP3 
activity) may not be essential for activity and thus are likely to be amenable to 
alteration without altering OBP3 activity. 

[0085] Biologically functional equivalent nucleotide sequences of the present 
invention also include nucleotide sequences that encode conservative amino acid 
changes within the amino acid sequences of the present polypeptides, producing 
silent changes therein. Such nucleotide sequences thus contain corresponding 
base substitutions based upon the genetic code compared to the nucleotide 
sequences encoding the present polypeptides. Substitutes for an amino acid within 
the fundamental polypeptide amino acid sequences discussed herein can be 
selected from other members of the class to which the naturally occurring amino 
acid belongs. Amino acids can be divided into the following four groups: (1) acidic 
amino acids; (2) basic amino acids; (3) neutral polar amino acids; and (4) neutral 
non-polar amino acids. Representative amino acids within these various groups 
include, but are not limited to: (1) acidic (negatively charged) amino acids such as 
aspartic acid and glutamic acid; (2) basic (positively charged) amino acids such as 
arginine, histidine, and lysine; (3) neutral polar amino acids such as glycine, serine, 
threonine, cyteine, cystine, tyrosine, asparagine, and glutamine; and (4) neutral 
nonpolar (hydrophobic) amino acids such as alanine, leucine, isoleucine, valine, 
proline, phenylalanine, tryptophan, and methionine. 
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[0086] Conservative amino acid changes within the present polypeptide 
sequences can be made by substituting one amino acid within one of these groups 
with another amino acid within the same group. The encoding nucleotide 
sequences (gene, plasmid DNA, cDNA, synthetic DNA, or mRNA) will thus have 
corresponding base substitutions, permitting them to code on expression for the 
biologically functional equivalent forms of the present polypeptides. 

[0087] Accordingly, another embodiment of the invention is an isolated 
nucleic acid molecule comprising a nucleotide sequence selected from the group 
consisting of (a) the nucleotide sequence shown in SEQ ID NO:1 , or the 
complement thereof; (b) a nucleotide sequence that hybridizes to said nucleotide 
sequence of (a) under a wash stringency equivalent to 0.1 X SSC to 2.0X SSC, 0.1 % 
SDS, at 50-65°C, and which encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 40% or less; (c) a nucleotide sequence 
encoding the same amino acid sequence as said nucleotide sequence of (a), but 
which is degenerate in accordance with the degeneracy of the genetic code; and (d) 
a nucleotide sequence encoding the same amino acid sequence as said nucleotide 
sequence of (b), but which is degenerate in accordance with the degeneracy of the 
genetic code. In another embodiment, the nucleotide sequence in (b) encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
30% or less. In another embodiment, the nucleotide sequence in (b) encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
20% or less. In another embodiment, the nucleotide sequence in (b) encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
10% or less. Another aspect of the invention is plants, plant cells, plant parts, such 
as for example, seeds, fruits, leaves, and flowers, agricultural products, host cells, 
and vectors comprising one or more of the disclosed nucleic acid sequences. 

[0088] Another aspect of the invention pertains to nucleic acid molecules 
encoding OBP3 that contains changes in amino acid residues that are not essential 
for OBP3 activity. Such OBP3 differs in amino acid sequence from a sequence 
contained in SEQ ID NO:2, yet retain at least one of the OBP3 activities described 
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herein. In one embodiment, the isolated nucleic acid molecule comprises a 
nucleotide sequence encoding a protein, wherein the protein comprises an amino 
acid sequence at least about 50% homologous to the amino acid sequence of SEQ 
ID NO:2. Preferably, the protein encoded by the nucleic acid molecule is at least 
about 50-60% homologous to the sequence of SEQ ID NO:2, more preferably at 
least about 60-70% homologous to the sequence of SEQ ID NO:2, even more 
preferably at least about 70-80%, 80-90%, 90-95% homologous to the sequence of 
SEQ ID NO:2, and most preferably at least about 96%, 97%, 98%, or 99% 
homologous to the sequence of SEQ ID NO:2. The differences in homology of the 
amino acid sequences may be a result of conservative amino acid changes or 
substitutions. The preferred OBP3 homologs of the present invention are capable of 
participating in the developmental pathway affecting the size of a plant or 
participating in the transcription of a protein involved in the developmental pathway 
affecting the size of a plant. 

[0089] Accordingly, one embodiment of the invention is an isolated protein 
that exhibits at least one activity of OBP3, selected from the group consisting of (a) 
SEQ ID NO: 2; (b) a protein having an amino acid sequence which includes the 
amino acid sequence of SEQ ID NO: 2; and (c) a protein including an amino acid 
sequence wherein at least 60% of the amino acids of the amino acid sequence 
correspond to the amino acid sequence of SEQ. ID NO. 2. In another embodiment 
of the invention, the isolated protein is a protein including an amino acid sequence 
wherein at least 70% of the amino acids of the amino acid sequence correspond to 
the amino acid sequence of SEQ. ID NO. 2. In another embodiment of the 
invention, the isolated protein is a protein including an amino acid sequence wherein 
at least 80% of the amino acids of the amino acid sequence correspond to the 
amino acid sequence of SEQ. ID NO. 2. In another embodiment of the invention, 
the isolated protein is a protein including an amino acid sequence wherein at least 
85% of the amino acids of the amino acid sequence correspond to the amino acid 
sequence of SEQ. ID NO. 2. In another embodiment of the invention, the isolated 
protein is a protein including an amino acid sequence wherein at least 90% of the 
amino acids of the amino acid sequence correspond to the amino acid sequence of 
SEQ. ID NO. 2. In another embodiment of the invention, the isolated protein is a 

25 



WSHU 2064.1 
PATENT 

protein including an amino acid sequence wherein at least 95% of the amino acids 
of the amino acid sequence correspond to the amino acid sequence of SEQ. ID NO. 
2. In another embodiment of the invention, the isolated protein is a protein including 
an amino acid sequence wherein at least 98% of the amino acids of the amino acid 
sequence correspond to the amino acid sequence of SEQ. ID NO. 2. 

[0090] Another embodiment of the invention is a polypeptide encoded by a 
nucleic acid sequence encoding an OBP3 polypeptide, said nucleic acid sequence 
selected from the group consisting of (a) the nucleotide sequence shown in SEQ ID 
NO:1, or the complement thereof; (b) a nucleotide sequence that hybridizes to said 
nucleotide sequence of (a) under a wash stringency equivalent to 0.1 X SSC to 2.0X 
SSC, 0.1% SDS, at 50-65°C, and which encodes a polypeptide having activity 
differing from that of Arabidopsis thaliana OBP3 by about 40% or less; (c) a 
nucleotide sequence encoding the same amino acid sequence as said nucleotide 
sequence of (a), but which is degenerate in accordance with the degeneracy of the 
genetic code; and (d) a nucleotide sequence encoding the same amino acid 
sequence as said nucleotide sequence of (b), but which is degenerate in 
accordance with the degeneracy of the genetic code. In another embodiment, the 
nucleotide sequence in (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 30% or less. In another embodiment, the 
nucleotide sequence in (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 20% or less. In another embodiment, the 
nucleotide sequence in (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 10% or less. 

[0091] Moreover, the nucleic acid molecule of the invention can comprise 
only a portion of the coding region of the sequence in SEQ ID NO:1, for example, a 
fragment which can be used as a probe or primer or a fragment encoding a 
biologically active portion of OBP3. The nucleotide sequences determined from the 
cloning of the OBP3 gene from Arabidopsis thaliana allows for the generation of 
probes and primers designed for use in identifying and/or cloning OBP3 homologs in 
other cell types and organisms, as well as OBP3 homologs from other plants and 
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related species. The methods for determining the proper primer or probe are 
commonly known in the art (see Sambrook, et a/,, Molecular Cloning: a Laboratory 
Manual, Cold Spring Harbor Press (1989)). 

[0092] Portions of proteins encoded by the OBP3 nucleic acid molecule of 
the invention are preferably biologically active portions of the OBP3 described 
herein. To determine whether OBP3 or a biologically active portion thereof, can 
participate in transcription of a protein involved in the developmental pathway 
affecting the size of a plant, or whether repression of OBP3 results in increased size 
of a plant, an analysis of a plant comprising the OBP3 may be performed. More 
specifically, nucleic acid fragments encoding biologically active portions of OBP3 
can be prepared by isolating a portion of one of the sequences in SEQ ID NO:1 , 
expressing the encoded portion of the OBP3 or peptide (e.g., by recombinant 
expression in vitro) and assessing the phentoype of the plant resulting from the 
expression or repression of the encoded portion of the OBP3 or peptide. 

[0093] Biologically active portions of OBP3 are encompassed by the present 
invention and include peptides comprising amino acid sequences derived from the 
amino acid sequence of OBP3, e.g., an amino acid sequence of SEQ ID NO:2, or 
the amino acid sequence of a protein homologous to OBP3, which include fewer 
amino acids than a full length OBP3 or the full length protein which is homologous to 
OBP3, and exhibit at least one activity of OBP3. Typically, biologically active 
portions (e.g., peptides which are, for example, 5, 10, 15, 20, 30, 35, 36, 37, 38, 39, 
40, 50, 100 or more amino acids in length) comprise a domain or motif with at least 
one activity of OBP3. Moreover, other biologically active portions in which other 
regions of the protein are deleted, can be prepared by recombinant techniques and 
evaluated for one or more of the activities described herein. Preferably, the 
biologically active portions of OBP3 include one or more selected domains/motifs or 
portions thereof having biological activity. 

[0094] Another aspect of the invention is OBP3 chimeric or fusion proteins. 
A non-OBP3 polypeptide can be fused to the N-terminus or C-terminus of the OBP3 
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polypeptide. For example, in one embodiment, the fusion protein is a GST-OBP3 
fusion protein in which the OBP3 sequence is fused to the C-terminus of the GST 
sequence. Such fusion proteins can facilitate the purification of recombinant OBP3. 
In another embodiment, the fusion protein is a OBP3 containing a heterologous 
signal sequence at its N-terminus. In certain host cells (e.g., mammalian host cells), 
expression and/or secretion of OBP3 can be increased through use of a 
heterologous signal sequence. 

[0095] Preferably, an OBP3 chimeric or fusion protein of the invention is 
produced by standard recombinant DNA techniques. For example, DNA fragments 
coding for the different polypeptide sequences are ligated together in-frame in 
accordance with conventional techniques, for example by employing blunt-ended or 
stagger-ended termini for ligation, restriction enzyme digestion to provide for 
appropriate termini, filling-in of cohesive ends as appropriate, alkaline phosphatase 
treatment to avoid undesirable joining and enzymatic ligation. In another 
embodiment, the fusion gene can be synthesized by conventional techniques 
including automated DNA synthesizers. Alternatively, PCR amplification of gene 
fragments can be carried out using anchor primers which give rise to complementary 
overhangs between two consecutive gene fragments which can subsequently be 
annealed and re-amplified to generate a chimeric gene sequence (see, for example, 
Current Protocols in Molecular Biology, Eds. Ausubel et a/. John Wiley & Sons, 
1992). Moreover, many expression vectors are commercially available that already 
encode a fusion moiety (e.g., a GST polypeptide, a metal ion affinity tag, a c-myc 
epitope tag, etc.). A OBP3 encoding nucleic acid can be cloned into such an 
expression vector such that the fusion moiety is linked in-frame to the OBP3. 

[0096] In addition to fragments and fusion proteins of OBP3 described 
herein, the present invention includes homologs and analogs of naturally occurring 
OBP3 and OBP3 encoding nucleic acids in a plant. 

[0097] An agonist of OBP3 can retain substantially the same, or a subset, of 
the biological activities of OBP3. An antagonist of OBP3 can inhibit one or more of 
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the activities of the naturally occurring form of OBP3. For example, the OBP3 
antagonist can competitively bind to a downstream or upstream member of the 
cellular signaling cascade that includes OBP3. 

[0098] Nucleic acid molecules corresponding to natural allelic variants and 
analogs, orthologs and paralogs of an OBP3 cDNA can be isolated based on their 
identity to the Arabidopisis thaliana OBP3 nucleic acids described herein using 
OBP3 cDNAs, or a portion thereof, as a hybridization probe according to standard 
hybridization techniques under stringent hybridization conditions. In an alternative 
embodiment, homologs of OBP3 can be identified by screening combinatorial 
libraries of mutants, e.g., truncation mutants, of the OBP3 for OBP3 agonist or 
antagonist activity. In one embodiment, a variegated library of OBP3 variants is 
generated by combinatorial mutagenesis at the nucleic acid level and is encoded by 
a variegated gene library. A variegated library of OBP3 variants can be produced 
by, for example, enzymatically ligating a mixture of synthetic oligonucleotides into 
gene sequences such that a degenerate set of potential OBP3 sequences is 
expressible as individual polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display) containing the set of OBP3 sequences therein. 
There are a variety of methods that can be used to produce libraries of potential 
OBP3 homologs from a degenerate oligonucleotide sequence. Chemical synthesis 
of a degenerate gene sequence can be performed in an automatic DNA synthesizer, 
and the synthetic gene is then ligated into an appropriate expression vector. Use of 
a degenerate set of genes allows for the provision, in one mixture, of all of the 
sequences encoding the desired set of potential OBP3 sequences. Methods for 
synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang, S. 
A. (1983) Tetrahedron 39:3; Itakura etai (1984) Annu. Rev. Biochem. 53:323; 
Itakura etai (1984) Science 198:1056; Ike etai (1983) Nucleic Acid Res. 11:477). 

[0099] In addition, libraries of fragments of OBP3 coding regions can be 
used to generate a variegated population of OBP3 fragments for screening and 
subsequent selection of homologs of OBP3. In one embodiment, a library of coding 
sequence fragments can be generated by treating a double stranded PCR fragment 
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of an OBP3 coding sequence with a nuclease under conditions wherein nicking 
occurs only about once per molecule, denaturing the double stranded DNA, 
renaturing the DNA to form double stranded DNA, which can include 
sense/antisense pairs from different nicked products, removing single stranded 
portions from reformed duplexes by treatment with S1 nuclease, and ligating the 
resulting fragment library into an expression vector. By this method, an expression 
library can be derived which encodes N-terminal, C-terminal and internal fragments 
of various sizes of OBP3. 

[0100] Several techniques are known in the art for screening gene products 
of combinatorial libraries made by point mutations or truncation, and for screening 
cDNA libraries for gene products having a selected property. Such techniques are 
adaptable for rapid screening of the gene libraries generated by the combinatorial 
mutagenesis of OBP3 homologs. The most widely used techniques, which are 
amenable to high through-put analysis, for screening large gene libraries typically 
include cloning the gene library into replicable expression vectors, transforming 
appropriate cells with the resulting library of vectors, and expressing the 
combinatorial genes under conditions in which detection of a desired activity 
facilitates isolation of the vector encoding the gene whose product was detected. 
Recursive ensemble mutagenesis (REM), a new technique that enhances the 
frequency of functional mutants in the libraries, can be used in combination with the 
screening assays to identify OBP3 homologs (Arkin and Yourvan (1992) Proc Natl 
Acad Sci USA 89:7811-7815; Delgrave et al (1993) Protein Eng 6:327-331). 

Expression Vectors 

[0101] The polynucleotide sequences of the present invention can also be 
part of an expression cassette or vector that comprises, operably linked in the 5' to 3' 
direction, a promoter, a polynucleotide of the present invention, and a transcriptional 
termination signal sequence functional in a host cell. The promoter can be of any of 
the types discussed herein, for example, a tissue specific promoter, a developmental 
regulated promoter, an organelle specific promoter, a seed specific promoter, a 
plastid specific promoter, etc. The expression cassette or vector can further 
comprise an operably linked targeting, transit or secretion peptide coding region 
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capable of directing transport of the protein produced. The expression cassette or 
vector can also further comprise a nucleotide sequence encoding a selectable 
marker and a purification moiety. In addition, the expression cassette or vector can 
further comprise an additional sequence encoding an enzyme capable of cleaving 
the polypeptide of the present invention between the tandem repeats in order to 
produce non-repeating peptide units. The enzyme encoding sequence can be under 
the control of a separate promoter, for example an inducible or developmental^ 
regulated promoter so that production of the enzyme is triggered only after 
substantial amounts of the repeating polypeptide of the present invention has been 
produced 

[0102] Accordingly, in one embodiment, the expression vector comprises an 
OBP3 polypeptide encoding nucleic acid sequence. In another embodiment, the 
expression vector comprises an antisense nucleic acid sequence encoding a nucleic 
acid complementary to the OBP3 polypeptide encoding nucleic acid sequence. A 
nucleic acid sequence that encodes OBP3 can be operably linked to expression 
control sequences. An expression control sequence operably linked to a coding 
sequence is ligated such that expression of the coding sequence is achieved under 
conditions compatible with the expression control sequences. As used herein, the 
term "expression control sequence" refers to a nucleic acid sequence that regulates 
the expression of a nucleic acid sequence to which it is operably linked. Expression 
control sequences are operably linked to a nucleic acid sequence when the 
expression control sequences control and regulate the transcription and, as 
appropriate, translation of the nucleic acid sequence. Thus expression control 
sequences can include appropriate promoters, enhancers, transcription terminators, 
a start codon (i.e., ATG) in front of a protein-encoding gene, a splicing signal for 
introns or maintenance of the correct reading frame of that gene to permit proper 
translation of mRNA, and stop codons. The term "control sequences" is intended to 
comprise components whose presence can influence expression, and can also 
include additional components whose presence is advantageous, for example, 
leader sequences and fusion partner sequences. Expression control sequences can 
include a promoter. 
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[0103] As provided above, several embodiments of the present invention 
employ expression units (or expression vectors or systems) to express an 
exogenously supplied gene, such as OBP3, or antisense molecule, in a plant. Such 
expression units may also be referred to as expression cassettes. Methods for 
generating expression units/systems/vectors for use in plants are well known in the 
art and can readily be adapted for use in altering the amount of OBP3 present in a 
plant cell. Typically, such units employ a protein, nucleotide sequence, or antisense 
coding region, such as the OBP3 Arabidopsis gene, or a homologue thereof, and 
one or more expression control elements. The choice of the protein/nucleotide 
sequence/antisense coding region, as well as the control elements, employed will be 
based on the effect desired (i.e., reduction or increase in the amount of OBP3), the 
plant that is to be altered, the method chosen for altering the amount of OBP3 and 
the transformation system used. A skilled artisan can readily use any appropriate 
plant/vector/expression system in the present methods following the outline provided 
herein. 

[0104] The expression control elements used to regulate the expression of 
the protein or antisense coding region can either be the expression control element 
that is normally found associated with the coding sequence (homologous.expression 
element) or can be a heterologous expression control element. A variety of 
homologous and heterologous expression control elements are known in the art and 
can readily be used to make expression units for use in the present invention. 
Expression control elements include, for example, promoters, enhancers, and 
termination signal sequences. Transcription initiation regions, for example, can 
include any of the various opine initiation regions, such as octopine, mannopine, 
nopaline and the like that are found in the Ti plasmids of Agrobacterium 
tumafacians. Alternatively, plant viral promoters viral promoters can also be used, 
such as the cauliflower mosaic virus 35S promoter to control gene expression in a 
plant. In addition, plant promoters such as prolifera promoter, fruit-specific 
promoters, Ap3 promoter, heat shock promoters, seed-specific promoters, etc. can 
also be used. The most preferred promoters will be active in dividing tissue, 
particularly meristematic cells. 
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[0105] Included within the meaning of promoter is a sequence sufficient to 
direct transcription. Also included are those promoter elements which are sufficient 
to render promoter-dependent gene expression controllable for cell-type specific, 
tissue-specific, environmentally- or developmentally- regulated, or expression that is 
inducible by external signals or agents. Such elements may be located in the 5' or 3' 
regions of the gene. Both constitutive and inducible promoters, are included in the 
invention (see e.g., Bitter et al., Methods in Enzymology (1987) 153:516-544). 

[0106] The expression of structural genes employed in the present invention 
may be driven by a number of promoters. Although the endogenous promoter of a 
structural gene of interest, for example of the OBP3 gene, may be utilized for 
transcriptional regulation of the gene, the promoter may also be a foreign regulatory 
sequence. For plant expression vectors, suitable viral promoters include the 35S 
RNA and 19S RNA promoters of CaMV (Brisson et al., Nature (1984) 310:51 1; Odell 
et al., Nature (1985) 313:810); the enhanced CaMV 35S promoter; the Figwort 
Mosaic Virus (FMV) promoter (Gowda et al., J. Cell Biochem. (1989) 13D:301 ; 
Richins et al., Nucleic Acids Res. (1987) 15(20): 8451-66) and the coat protein 
promoter of TMV (Takamatsu et al., EMBO J. (1987) 6:307). Alternatively, plant 
promoters such as the light-inducible promoter from the small subunit of ribulose 
bis-phosphate carboxylase (ssRUBISCO) (Coruzzi et al., EMBO J. (1984) 3:1671; 
Broglie et al., Science (1984) 224:838); mannopine synthase (MAS) promoter 
(Velten et al., EMBO J. (1984) 3:2723), nopaline synthase (NOS) and octopine 
synthase (OCS) promoters (carried on tumor-inducing plasmids of Agrobacterium 
tumefaciens and having plant activity); ethylene inducible promoter whose level of 
activity is increased in response to treatment with ethylene or an equivalent 
compound such as propylene; heat shock promoters, e.g., soybean hsp17.5-E or 
hsp17.3-B (Gurley et al., Mol. Cell. Biol. (1986) 6:559; Severin et al., Plant Mol. Biol. 
(1990) 15:827; Ou-Lee et al., Proc. Natl. Acad. Sci. USA (1986) 83: 6815; Ainley et 
al., Plant Mol. Biol. (1990) 14: 949); a nitrate-inducible promoter derived from the 
spinach nitrite reductase gene (Back et al., Plant MoL Biol. (1991) 17: 9); hormone 
inducible promoters (Yamaguchi-Shinozaki et al., Plant Mol. Biol. (1990) 15: 905; 
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Kares et al., Plant Mol. Biol. (1990) 15: 905) or ethanol-inducible promoters (Caddick 
et al., Nature Biotech. (1998) 16:177) may be used. 

[0107] Examples of useful tissue specific, developmentally-regulated 
promoters include the P-conglycinin 7S promoter (Doyle et al., J. Biol. Chem. (1986) 
261: 9228; Slighton and Beachy, Planta (1987)172: 356), and seed-specific 
promoters (Knutzon et al., Proc. Natl. Acad. Sci. USA (1992) 89: 2624; Bustos et al., 
EMBO J. (1991) 10: 1469; Lam and Chua, Science (1990) 248: 471 ; Stayton et al., 
Aust. J. Plant Physiol. (1991) 18: 507). Plant functional promoters useful for 
preferential expression in seed plastids include , for example, those from plant 
storage protein genes and from genes involved in fatty acid biosynthesis in oilseeds. 
Examples of such promoters include the 5' regulatory regions from such genes as 
napin (Kridl et al., Seed Sci. Res. (1991) 1: 209), phaseolin, zein, soybean trypsin 
inhibitor, ACP, stearoyl-ACP desaturase, and oleosin. Seed-specific gene regulation 
is discussed in EP 0 255 378. Promoter hybrids can also be constructed to enhance 
transcriptional activity (Hoffman, U.S. Patent No. 5,106,739), or to combine desired 
transcriptional activity and tissue specificity. 

[0108] Tissue specific promoters may also be utilized in the present 
invention. As used herein, the term "tissue-specific promoter" means a DNA 
sequence that serves as a promoter, i.e., regulates expression of a selected DNA 
sequence operably linked to the promoter. A tissue-specific promoter effects 
expression of the selected DNA sequence in specific cells, e.g., in the root or in the 
shoot of a plant. The term also covers so-called "leaky" promoters, which regulate 
expression of a selected DNA primarily in one tissue, but cause expression in other 
tissues as well. Such promoters also may include additional DNA sequences that 
are necessary for expression, such as introns and enhancer sequences. These 
additional sequences may be either endogenous to the organism from which the 
promoter is derived, endogenous to the plant which is being transformed, or may be 
exogenous to both. An example of a tissue specific promoter is the HHA promoter 
expressed in shoot meristems (Atanassova et al., Plant J. (1992) 2:291). Other 
tissue specific promoters useful in transgenic plants, including the cdc2a promoter 
and cyc07 promoter, will be known to those of skill in the art. (See for example, Ito 
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et al., Plant Mol. Biol. (1994) 24:863; Martinez et al., Proc. Natl. Acad. Sci. USA 

(1992) 89:7360; Medford et al., Plant Cell (1991) 3:359; Terada et al., Plant J. 

(1993) 3:241; Wissenbach et al., Plant J. (1993)4:411). Examples of tissue specific 
promoters active in floral meristems are the promoters of the apetala 3 and apetala 

1 genes which are described in Jack et al., Cell (1994) 76:703 and Hempel et al., 
Development (1997) 124:3845. In addition, a meristem-specific promoter from the 
UFO gene (U.S. Pat. No. 5,880,330) may be useful in the practice of the invention. 

[0109] Promoters useful in the invention include both constitutive and 
inducible natural promoters as well as engineered promoters. The CaMV promoters 
are examples of constitutive promoters. To be most useful, an inducible promoter 
should 1) provide low expression in the absence of the inducer; 2) provide high 
expression in the presence of the inducer; 3) use an induction scheme that does not 
interfere with the normal physiology of the plant; and 4) have no effect on the 
expression of other genes. Examples of inducible promoters useful in plants include 
those induced by chemical means, such as the yeast metallothionein promoter, 
which is activated by copper ions (Mett et al., Proc. Natl. Acad. Sci., U.S.A. (1993) 
90:4567); In2-1 and ln2-2 regulator sequences, which are activated by substituted 
benzenesulfonamides, e.g., herbicide safeners (Hershey et al., Plant Mol. Biol. 
(1991) 17:679); the GRE regulatory sequences, which are induced by 
glucocorticoids (Schena et al., Proc. Natl. Acad. Sci., U.S.A. (1991) 88:10421); and 
ethanol-inducible promoters (Caddick et al., Nature Biotech. (1998) 16:177). Other 
promoters, both constitutive and inducible, and enhancers will be known to those of 
skill in the art. 

[0110] The particular promoter selected should be capable of causing 
sufficient expression to result in the over-expression of the OBP3 gene product, e.g., 
OBP3 polypeptide, to decrease the size of the aerial portion of a plant. The 
promoters used in the vector constructs of the present invention may be modified, or 
located at different positions within a construct, if desired, to affect their control 
characteristics. In a preferred approach, multimerized copies of enhancer elements 
from the cauliflower mosaic virus (CaMV) 35S promoter are incorporated into the 
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OBP3 gene or expression construct, and more preferably near (e.g., within 381 
nucleotides) 5* to the start of the OBP3 gene. When these enhancers are inserted 
near a gene, its transcription can be enhanced. 

[0111] Either a constitutive promoter (such as the CaMV or Nos promoter 
illustrated above), an organ-specific promoter (such as the E8 promoter from 
tomato) or an inducible promoter is typically ligated to the protein or antisense 
encoding region using standard techniques known in the art. The promoter may be 
operably linked to the protein, nucleic acid, or antisense coding region in any 
manner known to one of skill in the art. The expression unit may be further 
optimized by employing supplemental elements such asjranscription terminators 
and/or enhancer elements. 

[0112] In addition to a promoter sequence, the expression cassette can also 
contain a transcription termination region downstream of the structural gene to 
provide for efficient termination. The termination region may be obtained from the 
same gene as the promoter sequence or may be obtained from different genes. If 
the mRNA encoded by the structural gene is to be efficiently processed, DNA 
sequences which direct polyadenylation of the RNA are also commonly added to the 
vector construct. Polyadenylation sequences include, but are not limited to the 
Agrobactehum octopine synthase signal (Gielen et al., EMBO J (1984) 3:835-846) or 
the nopaline synthase signal (Depicker et al., Mol. andAppl. Genet (1982) 1:561- 
573). 

[0113] Thus, for expression in plants, the expression units will typically 
contain, in addition to the protein, nucleic acid sequence, or antisense coding 
sequence, a plant promoter region, a transcription initiation site and a transcription 
termination sequence. Alternatively, the expression unit may contain, in addition to 
a protein, a nucleic acid sequence, or an antisense coding sequence, a promoter, 
one or more enhancers or enhancer elements, a transcription initiation site, and a 
transcription termination sequence. Unique restriction enzyme sites at the 5' and 3' 
ends of the expression unit are typically included to allow for easy insertion into a 
preexisting vector. 
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[0114] In the construction of heterologous promoter/structural gene or 
antisense combinations, the promoter is preferably positioned about the same 
distance from the heterologous transcription start site as it is from the transcription 
start site in its natural setting. As is known in the art, however, some variation in this 
distance can be accommodated without loss of promoter function. 

[0115] Accordingly, one embodiment of the invention is a recombinant 
expression vector comprising a promoter, said promoter being functional in a plant 
cell; and nucleic acid sequence encoding an OPB3 polypeptide, wherein said nucleic 
acid sequence is operably linked to said promoter wherein said nucleic acid 
comprises a nucleic acid sequence of at least 15 contiguous nucleic acids of SEQ ID 
NO:1. In another embodiment, the nucleic sequence comprises a nucleic acid 
sequence selected from the group consisting of: (a) the nucleotide sequence shown 
in SEQ ID NO:1, or the complement thereof; (b) a nucleotide sequence that 
hybridizes to said nucleotide sequence of (a) under a wash stringency equivalent to 
0.1X SSC to 2.0X SSC, 0.1% SDS, at 50-65°C, and which encodes a polypeptide 
having activity differing from that of Arabidopsis thaliana OBP3 by about 40% or 
less; (c) a nucleotide sequence encoding the same amino acid sequence as said 
nucleotide sequence of (a), but which is degenerate in accordance with the 
degeneracy of the genetic code; and (d) a nucleotide sequence encoding the same 
amino acid sequence as said nucleotide sequence of (b), but which is degenerate in 
accordance with the degeneracy of the genetic code. In another embodiment, the 
nucleotide sequence of (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 30% or less. In another embodiment, the 
nucleotide sequence of (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 20% or less. In another embodiment, the 
nucleotide sequence of (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 10% or less. 

[0116] The resulting expression unit is ligated into or otherwise constructed 
to be included in a vector which is appropriate for higher plant transformation. In 
plants, transformation vectors capable of introducing nucleic acid sequences 
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encoding OBP3 are easily designed, and generally contain one or more nucleic acid 
sequences of interest under the transcriptional control of 5' and 3* regulatory 
sequences. Such vectors generally comprise, operably linked in sequence in the 5' 
to 3' direction, a promoter sequence that directs the transcription of a downstream 
heterologous structural DNA in a plant; optionally, a 5' non-translated leader 
sequence; a nucleic acid sequence that encodes a protein of interest; and a 3* 
non-translated region that encodes a polyadenylation signal which functions in plant 
cells to cause the termination of transcription and the addition of polyadenylate 
nucleotides to the 3* end of the mRNA encoding said protein. Typical 5'-3' 
regulatory sequences include a transcription initiation start site, a ribosome binding 
site, an RNA processing signal, a transcription termination site, and/or a 
polyadenylation signal. Vectors for plant transformation have been reviewed in 
Rodriguez et al. (1988), Glick et al. (1993), and Cray (1993). 

[0117] The vector will also typically contain a selectable marker gene by 
which transformed plant cells can be identified in culture. The marker may generally 
be associated with the heterologous nucleic acid sequence, i.e., the structural gene 
operably linked to a promoter. As used herein, the term "marker" refers to a gene 
encoding a trait or a phenotype that permits the selection of, or the screening for, a 
plant or plant cell containing the marker. Usually, the marker gene will encode 
antibiotic resistance. This allows for selection of transformed cells from among cells 
that are not transformed. Alternatively, the marker gene may be a herbicide 
resistance gene. The marker gene may be an antibiotic resistance gene that allows 
the appropriate antibiotic to be used to select for transformed cells from among cells 
that are not transformed, or the marker gene may be a herbicide resistance gene. 
Examples of suitable selectable markers include adenosine deaminase, 
dihydrofolate reductase, hygromycin-B-phosphotransferase, thymidine kinase, 
xanthine-guanine phospho-ribosyltransferase, glyphosphate and glufosinate 
resistance and amino-glycoside 3'-0-phosphotransferase II (kanamycin, neomycin 
and G418 resistance). These markers include resistance to G418, hygromycin, 
bleomycin, kanamycin, and gentamicin. Other suitable markers will be known to 
those of skill in the art. 
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[01 18] Replication sequences, of bacterial or viral origin, are generally also 
included to allow the vector to be cloned in a bacterial or phage host, preferably a 
broad host range prokaryotic origin of replication is included. A selectable marker 
for bacteria should also be included to allow selection of bacterial cells bearing the 
desired construct. Suitable prokaryotic selectable markers also include resistance to 
antibiotics such as kanamycin or tetracycline. 

[0119] Other DNA sequences encoding additional functions may also be 
present in the vector, as is known in the art. For instance, in the case of 
Agrobacterium transformations, T-DNA sequences will also be included for 
subsequent transfer to plant chromosomes. 

[0120] Preferably, the plant expression vector may include a plant promoter, 
a terminator, a drug resistant gene and more than one enhancer. It is well known to 
those skilled in the art that a type of the plant expression vector and regulator 
elements may be varied depending on the type of host cell. A plant expression 
vector used according to the present invention may further contain a T-DNA region. 
The T-DNA region allows a gene to be efficiently introduced into plant genome 
especially when Agrobacterium is used to transform a plant. 

[0121] Constitutive promoters as well as tissue-specific promoters which 
selectively function in a part of a plant body, including a flower, are preferable. 
Examples of plant promoters include, but are not limited to, Cauliflower mosaic virus 
(CaMV) 35S promoter and a promoter of nopaline synthase. 

[0122] A drug resistant gene is desirable to facilitate the selection of 
transgenic plants. The examples of such drug resistant genes for use in the 
invention include, but are not limited to, a neomycin phosphotransferase II (NPTII) 
gene for conferring kanamycin resistance, and a hygromycin phosphotransferase 
gene for conferring hygromycin resistance. 
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[0123] An enhancer may be used to enhance the expression level of a gene 
of interest. As the enhancer, an enhancer region containing a sequence upstream 
of the above-mentioned CaMV 35S promoter is preferable. More than one enhancer 
may be used in one plant expression vector. 

[0124] The plant expression vector according to the present invention may 
be produced by using a recombinant DNA technique well known to those skilled in 
the art. The examples of preferable vectors for constructing a plant expression 
vector include, but are not limited to pBI-type vectors or pPZP-type vectors. 
Additionally, examples of vectors and methods of making the same are described in 
the Examples below. 

[0125] A plant expression vector may be introduced into a plant cell by using 
methods well known to those skilled in the art, for example, a method of infecting a 
plant cell with Agrobacterium or a method of directly introducing a vector into a cell. 
The method using Agrobacterium may be performed, for example, as described in 
Nagel et al. (1990) Microbiol. Lett., 67:325. According to this method, Agrobacterium 
is first transformed with a plant expression vector by, for example, electroporation, 
and then the transformed Agrobacterium is infected to a plant cell by a well-known 
method such as a leaf-disk method. Examples of the methods for directly 
introducing a plant expression vector into a cell include, but are not limited to, an 
electroporation method, a particle gun method, a calcium phosphate method, and a 
polyethylene glycol method. These methods are well known in the art and a method 
suitable for a particular plant to be transformed may be suitably selected by those 
skilled in the art. 

[0126] The cells in which plant expression vectors have been introduced are 
selected, for example, based on their drug resistance such as resistance to 
kanamycin. Thereafter, the cells may be regenerated to a plant body by using a 
conventional method. 
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Methods to decrease the size of plants 

[0127] As provided above, the methods of the present invention can be used 
to alter plants such that the amount of OBP3 is increased, thus producing plants that 
are dwarfed in size. To obtain a plant that has an increased amount of_OBP3 when 
compared to a non-altered plant, molecular techniques are used to increase the 
amount of OBP3 present in the altered plant. 

[0128] Accordingly, in one embodiment, the method of altering the size and 
stature of a plant comprises over-expressing the polypeptide encoding OBP3, 
wherein said over expression of the polypeptide results in the reduced size of the 
aerial portion of the plant compared to a wild type plant. In another embodiment, the 
method of altering the size and stature of a plant comprises over-expressing the 
polypeptide encoding OBP3, wherein said over expression of the polypeptide results 
in the reduced size of the aerial portion of the plant compared to a wild type plant 
without dwarfing or significantly altering the root growth. 

[0129] Accordingly, in one embodiment, the amount of OBP3 polypeptide 
expressed in the plant is from about 2 to than about 100 times greater than the 
amount of OBP3 polypeptide expressed in a wild type plant. In another 
embodiment, the amount of OBP3 polypeptide expressed in the plant is from about 
2 to about 75 times greater than the amount of OBP3 polypeptide expressed in a 
wild type plant. In another embodiment, the amount of OBP3 polypeptide expressed 
in the plant is from about 2 to about 50 times greater than the amount of OBP3 
polypeptide expressed in a wild type plant. In another embodiment, the amount of 
OBP3 polypeptide expressed in the plant is from about 2 to about 25 times greater 
than the amount of OBP3 polypeptide expressed in a wild type plant. In another 
embodiment, the amount of OBP3 polypeptide expressed in the plant is from about 
2 to about 15 times greater than the amount of OBP3 polypeptide expressed in a 
wild type plant. In another embodiment, the amount of OBP3 polypeptide expressed 
in the plant is from about 5 to about 10 times greater than the amount of OBP3 
polypeptide expressed in a wild type plant. In another embodiment, the amount of 
OBP3 polypeptide expressed in the plant is from about 2 to about 5 times greater 
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than the amount of OBP3 polypeptide expressed in a wild type plant. In another 
embodiment, the amount of OBP3 polypeptide expressed in the plant is from about 
2 times to about 10 times greater than the amount of OBP3 polypeptide expressed 
in a wild type plant. 

[0130] In another embodiment of the invention, the method for altering the 
size of the aerial portion of a plant without dwarfing root tissue, said method 
comprises: (a) introducing a nucleic acid vector encoding Arabidopsis thaliana OBP3 
into a plant cell; (b) regenerating the plant cell into a transgenic plant. Transgenic 
plants can be easily identified by evaluating the change in size by comparing the 
whole plant obtained by introducing the nucleic acid molecule with the size of a 
corresponding wild-type plant. In another embodiment, the altered size of the aerial 
portion of the plant comprises a decrease in the size of the aerial portion of the 
resulting plant. 

[0131] In a specific embodiment of the invention, a method for producing a 
transgenic plant or plant part having altered size of the aerial portion of the plant 
without dwarfing root tissue as compared to the corresponding wild-type plant, said 
method comprises: (a) transforming plant cells by introducing a nucleic acid 
sequence encoding an OBP3 polypeptide, said nucleic acid sequence selected from 
the group consisting of: (i) the nucleotide sequence shown in SEQ ID NO:1, or the 
complement thereof; (ii) a nucleotide sequence that hybridizes to said nucleotide 
sequence of (i) under a wash stringency equivalent to 0.1X SSC to 2.0X SSC, 0.1% 
SDS, at 50-65°C, and which encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 40% or less; (iii) a nucleotide sequence 
encoding the same amino acid sequence as said nucleotide sequence of (i), but 
which is degenerate in accordance with the degeneracy of the genetic code; and (iv) 
a nucleotide sequence encoding the same amino acid sequence as said nucleotide 
sequence of (ii), but which is degenerate in accordance with the degeneracy of the 
genetic code; (b) producing plants from said transformed plant cells. In another 
embodiment, the nucleotide sequence of (ii) encodes a polypeptide having activity 
differing from that of Arabidopsis thaliana OBP3 by about 30% or less. In another 
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embodiment, the nucleotide sequence of (ii) encodes a polypeptide having activity 
differing from that of Arabidopsis thaliana OBP3 by about 20% or less. In another 
embodiment, the nucleotide sequence of (ii) encodes a polypeptide having activity 
differing from that of Arabidopsis thaliana OBP3 by about 10% or less. In another 
embodiment of the invention, the nucleic acid sequence is contained in a nucleic 
acid containing vector. In another embodiment, the altered size of the aerial portion 
of the plant comprises a decrease in the size of the aerial portion of the resulting 
plant. 

[0132] Another embodiment of the invention is a resulting transgenic plant or 
plant part produced according to the methods disclosed herein. Another 
embodiment of the invention is a plant or agricultural product produced by the 
resulting plants or plant cells of the methods disclosed herein. Accordingly, in one 
embodiment of the invention, the plant product is a seed, a leaf, a fruit, or a flower 
produced by the resulting plants or plant parts of the methods disclosed herein. 

[0133] As used herein, a plant is said to have an increased amount of OBP3 
when the plant has more OBP3 than the non-altered plant. The present methods 
are therefore accomplished by targeting the levels of OBP3 in a plant. 

[0134] What is contemplated is a reduction sufficient and effective to alter 
the size of a plant in a manner useful for the purposes outlined herein. Thus any 
alteration in the amount of OBP3, so long as it results in altered size of a plant, is 
contemplated by the present invention. Preferably, the alteration in the amount of 
the OBP3 is an increase in the amount of OBP3 expressed sufficient enough to 
result in a decrease in the size of the plant without dwarfing the roots. 

[0135] In the preferred embodiment, the method of the present invention will 
result in plants at least 50% smaller than the standard size of a plant when 
compared to non-altered plants. 
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[0136] A variety of targets, strategies and molecular techniques can be used 
by a skilled artisan to increase the amount of OBP3 present in a plant. For example, 
to obtain a an increase in the amount of OBP3, molecular techniques can be used to 
increase the level of expression or activate the gene encoding one or more OBPs 
that are normally produced in the plant. The OBP3 can be altered in a variety of 
ways by a skilled artisan so as to obtain an alteration in the size of a plant. 

Methods to increase the size of plants 

[0137] The methods of the present invention can be used to alter plants such 
that the levels of OBP3 are decreased, thus producing plants that are larger than 
wild-type plants. To obtain a plant that has larger than normal phenotype when 
compared to a non-altered plant, molecular techniques are used to decrease the 
amount of OBP3 present in the altered plant. As used herein, a plant is said to have 
a reduced or decreased amount of OBP3 when the plant has less OBP3 than the 
non-altered plant. 

[0138] In another embodiment, the method of altering the size and stature of 
a plant comprises under-expressing, for example by repressing or knocking out, 
expression of the polypeptide encoding OBP3, such as by use of antisense 
nucleotides or RNAi, wherein said under-expression of the polypeptide results in 
increased aerial growth of the plant compared to a wild type plant. In another 
embodiment, the method of altering the size and stature of a plant comprises under- 
expressing, for example by repressing or knocking out, expression of the 
polypeptide encoding OBP3, such as by use of antisense nucleotides or RNAi, 
wherein said under expression of the polypeptide results in increased aerial growth 
of the plant compared to a wild type plant without altering the root growth. 
Repression of polypeptide expression includes not only the complete lack of 
polypeptide expression, but also any reduction in polypeptide expression sufficient to 
affect aerial growth of the plant. 

[0139] Accordingly, in one embodiment of the invention, the amount of OBP3 
polypeptide expressed in the plant is from about 2 to about 100 times less than the 
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amount of OBP3 polypeptide expressed in a wild type plant. In another 
embodiment, the amount of OBP3 polypeptide expressed in the plant is from about 
2 to about 75 times less than the amount of OBP3 polypeptide expressed in a wild 
type plant. In another embodiment, the amount of OBP3 polypeptide expressed in 
the plant is from about 2 to about 50 times less than the amount of OBP3 
polypeptide expressed in a wild type plant. In another embodiment, the amount of 
OBP3 polypeptide expressed in the plant is from about 2 to about 25 times less than 
the amount of OBP3 polypeptide expressed in a wild type plant amount of OBP3 
polypeptide expressed in the plant is from about 2 to about 15 times less than the 
amount of OBP3 polypeptide expressed in a wild type plant. In another 
embodiment, the amount of OBP3 polypeptide expressed in the plant is from about 
5 to about 10 times less than the amount of OBP3 polypeptide expressed in a wild 
type plant. In another embodiment, the amount of OBP3 polypeptide expressed in 
the plant is from about 2 to about 5 times less than the amount of OBP3 polypeptide 
expressed in a wild type plant. In another embodiment, the amount of OBP3 
polypeptide expressed in the plant is from about 2 times to about 10 times less than 
the amount of OBP3 polypeptide expressed in a wild type plant. 

[0140] In a specific embodiment of the invention, a method for producing a 
transgenic plant or plant part having altered size of the aerial portion of the plant 
without dwarfing root tissue as compared to the corresponding wild-type plant, said 
method comprises: (a) transforming plant cells by introducing a antisense coding 
nucleic acid sequence complementary to a nucleic acid sequence encoding an 
OBP3 polypeptide, said nucleic acid sequence selected from the group consisting 
of: (i) the nucleotide sequence complementary to the nucleotide sequence shown in 
SEQ ID NO:1; (ii) a nucleotide sequence that hybridizes to said nucleotide sequence 
of (i) under a wash stringency equivalent to 0.1X SSC to 2.0X SSC, 0.1% SDS, at 
50-65°C, and which encodes a polypeptide repressing activity of Arabidopsis 
thaliana OBP3 by about 60% or more; (iii) a nucleotide sequence encoding the 
same amino acid sequence as said nucleotide sequence of (i), but which is 
degenerate in accordance with the degeneracy of the genetic code; and (iv) a 
nucleotide sequence encoding the same amino acid sequence as said nucleotide 
sequence of (ii), but which is degenerate in accordance with the degeneracy of the 
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genetic code; (b) producing plants from said transformed plant cells. In another 
embodiment, the antisense encoding nucleic acid sequence complementary to the 
nucleic acid sequence encoding an OBP3 encodes a polypeptide repressing activity 
of Arabidopsis thaliana OBP3 by about 70% or more. In another embodiment, the 
antisense encoding nucleic acid sequence complementary to the nucleic acid 
sequence encoding an OBP3 encodes a polypeptide repressing activity of 
Arabidopsis thaliana OBP3 by about 90% or more. In another embodiment, the 
antisense encoding nucleic acid sequence complementary to the nucleic acid 
sequence encoding an OBP3 encodes a polypeptide repressing activity of 
Arabidopsis thaliana OBP3 by about 95% or more. In another embodiment of the 
invention, the antisense encoding nucleic acid sequence complementary to the 
nucleic acid sequence encoding an OBP3 polypeptide is contained in a nucleic acid 
containing vector. In another embodiment, the altered size of the aerial portion of 
the plant comprises an increase in the size of the aerial portion of the resulting plant. 

[0141] Another embodiment of the invention is a resulting transgenic plant or 
plant part produced according to the methods disclosed herein. Another 
embodiment of the invention is a plant or agricultural product produced by the 
resulting plants or plant cells of the methods disclosed herein. Accordingly, in one 
embodiment of the invention, the plant product is a seed, a leaf, a fruit, or a flower 
produced by the resulting plants or plant parts of the methods disclosed herein. 

[0142] In the preferred embodiment, the method of the present invention will 
result in plants having a significant increase in size when compared to non-altered 
plants. In the Examples that follow, plants having a decrease in OBP3 were 
obtained. 

Inactivation of QBP3 

[0143] Another approach to inactivate one or more endogenous DNA plant 
genes that encode OBP3 employs homologous recombination to disrupt the gene. 
The techniques for recombinational inactivation are known in the art and can readily 
be adapted to the present invention, for example see D. K. Asch, et al. (1990) Mol. 
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Gen. Genet. 221:37-43; K. K. Asch, et al. (1992) Genetics 130:737-748. 

Transformation of Plant Cells 

[0144] When an appropriate vector is obtained, for example as described 
above, transgenic plants are prepared which contain the desired expression unit or 
into which a recombination inactivation vector has been introduced. Transgenic 
plant cells may also be prepared in the same manner. A plant expression vector 
may be introduced into a plant cell by using methods well known to those skilled in 
the art. See, for example, Methods of Enzymology, Vol. 153, 1987, Wu and 
Grossman, Eds., Academic Press, incorporated herein by reference, and as 
disclosed in the Examples below that illustrate the invention. 

[0145] Nucleic acid sequences can be directly introduced into a plant cell by 
contacting the plant cell using mechanical or chemical means. In one method of 
transformation, the vector is microinjected directly into plant cells by use of 
micropipettes to mechanically transfer the recombinant DNA into the plant cell 
(Crossway. (1985) Mol. Gen. Genetics 202:179-185). In another method, the 
genetic material is transferred into the plant cell using polyethylene glycol (Krens, et 
al. (1982) Nature 296:72-74), or high velocity ballistic penetration by small particles 
with the nucleic acid either within the matrix of small beads or particles, or on the 
surface, is used (Klein, et al. (1987) Nature 327:70-73). In still another method 
protoplasts are fused with other entities which contain the DNA whose introduction is 
desired. These entities are minicells, cells, lysosomes or other fusible lipid-surfaced 
bodies (Fraley, et al. (1982) Proc. Natl. Acad. Sci. USA, 79:1859-1863). 

[0146] Another method involves the transfer of exogenous bacteriophage or 
plasmid DNA into germinating pollen grains to modify plant properties. As the pollen 
tube emerges from the mature pollen grain, cell wall material is deposited behind the 
growing tip. Another method, known as direct transformation, induces uptake and 
integration of plasmid or linearized DNA in the genome of plant protoplasts, i.e., 
single cells stripped of cell wall material (Lorz et al., Mol. Genet. 199:178-182, 1985). 
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[0147] DNA may also be introduced into the plant cells by electroporation 
(From etal. (1985) Proc. Natl. Acad. Sci. USA 82:5824). In this technique, plant 
protoplasts are electroporated in the presence of plasmids containing the expression 
cassette. Electrical impulses of high field strength reversibly permeabilize 
biomembranes allowing the introduction of the plasmids. Electroporated plant 
protoplasts reform the cell wall, divide, and regenerate. Selection of the transformed 
plant cells with the transformed gene can be accomplished using phenotypic 
markers as described herein. 

[0148] For transformation mediated by bacterial infection, a plant cell is 
infected with Agrobacterium tumefaciens or A. rhizogenes previously transformed 
with the DNA to be introduced. Agrobacterium is a representative genus of the 
gram-negative family Rhizobiaceae. Its species are responsible for crown gall (A 
tumefaciens) and hairy root disease (A. rhizogenes). The plant cells in crown gall 
tumors and hairy roots are induced to produce amino acid derivatives known as 
opines, which are catabolized only by the bacteria. The bacterial genes responsible 
for expression of opines are a convenient source of control elements for chimeric 
expression cassettes. In addition, assaying for the presence of opines can be used 
to identify transformed tissue. 

[0149] A method using Agrobacterium inserts sequences of a plasmid, 
known as the Ti-plasmid, into the genome of plant cells (Chilton et al., Cell (1977) 
1 1 :263:271). A heterologous nucleic acid sequence can be introduced into a plant 
cell utilizing Agrobacterium tumefaciens containing the Ti plasmid. In using an A. 
tumefaciens culture as a transformation vehicle, it is most advantageous to use a 
non-oncogenic strain of the Agrobacterium as the vector carrier so that normal 
non-oncogenic differentiation of the transformed tissues is possible. It is also 
preferred that the Agrobacterium harbor a binary Ti plasmid system. Such a binary 
system comprises 1 ) a first Ti plasmid having a virulence region essential for the 
introduction of transfer DNA (T-DNA) into plants, and 2) a chimeric plasmid. The 
latter contains at least one border region of the T-DNA region of a wild-type Ti 
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plasmid flanking the nucleic acid to be transferred. Binary Ti plasmid systems have 
been shown effective to transform plant cells (De Framond, Biotechnology, 1 :262, 
1983; Hoekema, et al., Nature, 303:179, 1983). Such a binary system is preferred 
because it does not require integration into Ti plasmid in Agrobacterium. A method 
using Agrobacterium may be performed, for example, as described in Nagel et al. 
Microbiol. Lett., (1990) 67:325. According to this method, Agrobacterium is first 
transformed with a plant expression vector by, for example, electroporation, and 
then the transformed Agrobacterium is infected to a plant cell by a well-known 
method, such as for example, a leaf-disk method. Methods involving the use of 
Agrobacterium include, but are not limited to: 1) co-cultivation of Agrobacterium with 
cultured isolated protoplasts; 2) transformation of plant cells or tissues with 
Agrobacterium; or 3) transformation of seeds, apices or meristems with 
Agrobacterium. 

[0150] Heterologous genetic sequences can be introduced into appropriate 
plant cells, by means of the Ti plasmid of A. tumefaciens or the Ri plasmid of A. 
rhizogenes. The Ti or Ri plasmid is transmitted to plant cells on infection by 
Agrobacterium and is stably integrated into the plant genome (J. Schell. (1987) 
Science 237:1 176-1 183). Ti and Ri plasmids contain two regions essential for the 
production of transformed cells. One of these, named transferred DNA (T-DNA), is 
transferred to plant nuclei and induces tumor or root formation. The other, termed 
the virulence (vir) region, is essential for the transfer of the T-DNA but is not itself 
transferred. The T-DNA will be transferred into a plant cell even if the vir region is on 
a different plasmid (Hoekema, etai (1983) Nature 303:179-189). The transferred 
DNA region can be increased in size by the insertion-of heterologous DNA without 
its ability to be transferred being affected. Thus a modified Ti or Ri plasmid, in which 
the disease-causing genes have been deleted, can be used as a vector for the 
transfer of the gene constructs of this invention into an appropriate plant cell. 

[0151] Construction of recombinant Ti and RI plasmids in general follows 
methods typically used with the more common bacterial vectors, such as pBR322. 
Additional use can be made of accessory genetic elements sometimes found with 
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the native plasmids and sometimes constructed from foreign sequences. These may 
include but are not limited to "shuttle vectors," (Ruvkum and Ausubel. (1981) Nature 
298:85-88), promoters (Lawton, et aL (1987) Plant Mol. Biol. 9:315-324) and 
structural genes for antibiotic resistance as a selection factor (Fraley, et al. (1983) 
Proc. Natl. Acad. Sci. USA 80:4803-4807). 

[0152] There are two classes of recombinant Ti and Ri plasmid vector 
systems now in use. In one class, called "co-integrate," the shuttle vector containing 
the gene of interest is inserted by genetic recombination into a non-oncogenic Ti 
plasmid that contains both the cis-acting and trans-acting elements required for plant 
transformation as, for example, in the pMLJ1 shuttle vector of DeBlock, et al. (1984) 
EMBO J 3:1681-1689 and the non-oncogenic Ti plasmid pGV3850, described by 
Zambryski, et al. (1983) EMBO J 2:2143-2150. In the second class or "binary" 
system, the gene of interest is inserted into a shuttle vector containing the cis-acting 
elements required for plant transformation. The other necessary functions are 
provided in trans by the non-oncogenic Ti plasmid, as exemplified by the pBIN19 
shuttle vector described by Bevan ((1984) Nucleic Acids Res. 12:871 1-8721) and 
the non-oncogenic Ti plasmid pAL4404 described by Hoekma, et al., (1983). Some 
of these vectors are commercially available. 

[0153] There are two common ways to transform plant cells with 
Agrobacterium: co-cultivation of Agrobactehum with cultured isolated protoplasts, or 
transformation of intact cells or tissues with Agrobacterium. The first requires an 
established culture system that allows for culturing protoplasts and subsequent plant 
regeneration from cultured protoplasts. The second method requires (a) that the 
intact plant tissues, such as cotyledons, can be transformed by Agrobacterium and 
(b) that the transformed cells or tissues can be induced to regenerate into whole 
plants. 

[0154] Most dicot species can be transformed by Agrobacterium as all 
species which are a natural plant host for Agrobacterium are transformable in vitro. 
Monocotyledonous plants, and in particular, cereals, are not natural hosts to 
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Agrobacterium. Attempts to transform them using Agrobacterium have been 
unsuccessful until recently (Hooykas-Van Slogteren, et al. (1984) Nature 311:763- 
764). However, there is growing evidence now that certain monocots can be 
transformed by Agrobacterium. Using novel experimental approaches cereal 
species such as rye (de la Pena, et al. (1987) Nature 325:274-276), maize (Rhodes, 
era/. (1988) Science 240:204-207), and rice (Shimamoto, etal. (1989) Nature 
338:274-276) may now be transformed. 

[0155] In addition, gene transfer can be accomplished by in situ 
transformation by Agrobacterium, as described in Bechtold, et al., C.R. Acad. Sci. 
Paris (1993) 316:194. This approach is based upon the vacuum infiltration of a 
suspension of Agrobacterium cells. 

[0156] In addition to the methods disclosed above, specific methods for 
transforming a wide variety of dicots and obtaining transgenic plants are well 
documented in the literature (Gasser and Fraley, 1989; Fisk and Dandekar, 1993; 
Christou, 1994; and the references cited therein). 

[0157] Successful transformation and plant regeneration have been 
achieved in the monocots as follows: asparagus (Asparagus officinalis; Bytebier et 
al. 1987); barley (Hordeum vulgarae; Wan and Lemaux 1994); maize (Zea mays; 
Rhodes et al., 1988; Gordon-Kamm et al., 1990; Fromm et al., 1990; Koziel et al., 
1993); oats (Avena sativa; Somers et al., 1992); orchardgrass (Dactylis glomerate; 
Horn et al., 1988); rice (Oryza sativa, including indica and japonica varieties; 
Toriyama et al., 1988; Zhang et al., 1988; Luo and Wu 1988; Zhang and Wu 1988; 
Christou et al., 1991); rye (Secale cereale; De la Pena et al., 1987); sorghum 
(Sorghum bicolor, Cassas et al. 1993); sugar cane (Saccharum spp.; Bower and 
Birch 1992); tall fescue (Festuca arundinacea; Wang et al. 1992); turfgrass (Agrostis 
palustris; Zhong et al., 1993); and wheat (Triticum aestivum; Vasil et al. 1992; 
Weeks et al. 1993; Becker et al. 1994). 
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[0158] Identification of transformed cells or plants is generally accomplished 
by including a selectable marker in the transforming vector, or by obtaining evidence 
of successful bacterial infection. 

[0159] Accordingly, one embodiment is a transgenic plant cell transformed 
by a nucleic acid sequence encoding an OBP3 polypeptide, wherein expression of 
said polypeptide in the plant cell results in an alteration in the size of the resulting 
aerial portion of a plant generated from the cell without dwarfing root tissue as 
compared to a corresponding wild-type variety of plant. In another embodiment, 
the nucleic acid sequence polypeptide is over-expressed resulting in a decrease in 
the size of the resulting aerial portion of a plant generated from the cell without 
dwarfing the root tissue as compared to a wild type variety plant. In yet another 
embodiment, the nucleic acid sequence encoding the polypeptide is selected from 
the group consisting of: (a) the nucleotide sequence shown in SEQ ID NO:1 , or the 
complement thereof; (b) a nucleotide sequence that hybridizes to said nucleotide 
sequence of (a) under a wash stringency equivalent to 0.1X SSC to 2.0X SSC, 0.1% 
SDS, at 50-65°C, and which encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 40% or less; (c) a nucleotide sequence 
encoding the same amino acid sequence as said nucleotide sequence of (a), but 
which is degenerate in accordance with the degeneracy of the genetic code; and (d) 
a nucleotide sequence encoding the same amino acid sequence as said nucleotide 
sequence of (b), but which is degenerate in accordance with the degeneracy of the 
genetic code. In another embodiment, the nucleotide sequence in (b) encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
30% or less. In another embodiment, the nucleotide sequence in (b) encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
20% or less. In another embodiment, the nucleotide sequence in (b) encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
10% or less. 

[0160] A transgenic plant cell may also be used to cause a plant cell or plant 
to under-express a nucleic acid or polypeptide of interest, for example by repressing 
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or knocking out the same. Methods of using antisense and RNAi technology are 
described below. 

[0161] Accordingly, another embodiment of the invention is a transgenic 
plant cell transformed by an antisense nucleic acid sequence complementary to a 
nucleic acid sequence encoding an OBP3 polypeptide, wherein said antisense 
nucleic acid sequence results in an increase in the size of a resulting plant as 
compared to a corresponding wild-type variety of plant. In another embodiment, the 
antisense nucleic acid sequence is complementary to a nucleic acid sequence 
encoding an Arabidopsis thaliana OBP3 and homologs, analogs, orthologs, and 
paralogs thereof. 

[0162] In a preferred embodiment, the nucleic acid sequence encoding the 
polypeptide is selected from the group consisting of: (a) the nucleotide sequence 
shown in SEQ ID NO:1, or the complement thereof; (b) a nucleotide sequence that 
hybridizes to said nucleotide sequence of (a) under a wash stringency equivalent to 
0.1X SSC to 2.0X SSC, 0.1% SDS, at 50-65°C, and which encodes a polypeptide 
having activity differing from that of Arabidopsis thaliana OBP3 by about 40% or 
less; (c) a nucleotide sequence encoding the same amino acid sequence as said 
nucleotide sequence of (a), but which is degenerate in accordance with the 
degeneracy of the genetic code; and (d) a nucleotide sequence encoding the same 
amino acid sequence as said nucleotide sequence of (b), but which is degenerate in 
accordance with the degeneracy of the genetic code. In another embodiment, the 
nucleotide sequence in (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 30% or less. In another embodiment, the 
nucleotide sequence in (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 20% or less. In another embodiment, the 
nucleotide sequence in (b) encodes a polypeptide having activity differing from that 
of Arabidopsis thaliana OBP3 by about 10% or less. 

[0163] The invention also includes plants, plant parts, plant products, such 
as for example, seeds, flowers, leaves, or fruits, and agricultural products, 
comprising the transgenic plant cells described herein. Moreover, the invention also 
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includes plants, plant parts, plant products, such as for example, seeds, flowers, 
leaves, or fruits, and agricultural products, produced by transgenic plants comprising 
the transgenic plant cells described herein. 

Regeneration of transformed plants 

[0164] Normally, a plant cell is regenerated to obtain a whole plant from the 
transformation process. The immediate product of the transformation is referred to 
as a "transgenote". 

[0165] Regeneration from protoplasts varies from species to species of 
plants, but generally a suspension of protoplasts is first made. In certain species, 
embryo formation can then be induced from the protoplast suspension. The culture 
media will generally contain various amino acids and hormones, necessary for 
growth and regeneration. Examples of hormones utilized include auxins and 
cytokinins. Efficient regeneration will depend on the medium, on the genotype, and 
on the history of the culture. If these variables are controlled, regeneration is 
reproducible. 

[0166] Regeneration also occurs from plant callus, explants, organs or parts. 
Transformation can be performed in the context of organ or plant part regeneration, 
(see Methods in Enzymology, Vol. 118 and Klee et ai (1987) Ann Rev Plant Physiol 
38:467). Utilizing the leaf disk-transformation-regeneration method of Horsch et ai 
(Horsch et ai (1985) Science 227:1229), disks are cultured on selective media, 
followed by shoot formation in about 2-4 weeks. Shoots that develop are excised 
from calli and transplanted to appropriate root-inducing selective medium. Rooted 
plantlets are transplanted to soil as soon as possible after roots appear. The 
plantlets can be repotted as required, until reaching maturity. 

[0167] In vegetatively propagated crops, the mature transgenic plants are 
propagated by utilizing cuttings or tissue culture techniques to produce multiple 
identical plants. Selection of desirable transgenotes is made and new varieties are 
obtained and propagated vegetatively for commercial use. 



54 



WSHU 2064.1 
PATENT 



[0168] In seed propagated crops, mature transgenic plants can be self 
crossed to produce a homozygous inbred plant. The resulting inbred plant produces 
seed containing the newly introduced foreign gene(s). These seeds can be grown to 
produce plants that would produce the selected phenotype, e.g. increased yield. 
Additional desired phenotypes include increased growth density, and decreased size 
of the resulting aerial portion of the plant without dwarfing root tissue as compared to 
a corresponding wild-type variety of plant. 

[0169] Parts obtained from regenerated plant, such as flowers, seeds, 
leaves, branches, roots, fruit, and the like are included in the invention, provided that 
these parts comprise plant cells that have been transformed as described. Progeny 
and variants, and mutants of the regenerated plants are also included within the 
scope of the invention, provided that these parts comprise the introduced nucleic 
acid sequences. 

[0170] Plants exhibiting increased growth and/or yield as compared with wild- 
type plants can be selected by visual observation. The invention includes plants 
produced by the method of the invention, as well as plant tissue and seeds. 

[0171] Expression of the introduced gene of the present invention in the 
regenerated plant body can be confirmed by using a procedure well known to those 
skilled in the art. This confirmation can be performed by northern blot analysis, for 
example. More specifically, the total RNAs may be extracted from leaves of a 
resultant plant, and may be subjected to denatured agarose gel electrophoresis, and 
then, RNAs may be blotted onto an appropriate membrane. The blot can be 
hybridized with a labeled RNA probe complementary to a part of the introduced gene 
to detect mRNA from the gene of the present invention. 

[0172] The plant of the present invention is a transgenic plant produced by 
the above-mentioned procedure. It is preferable that the altered characteristics of 
the transgenic plant (i.e., morphology of a flower, coloring of a flower, a size of a 
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plant, and/or the number of branches) include that which is not found in a known 
wild-type or horticultural type. It is also preferable that the altered characteristics of 
a plant are horticulturally valuable. Furthermore, it is preferable that altered 
characteristics of a flower are stably conserved over subsequent generations. 

[0173] Accordingly, the present invention includes transgenic plants 
comprising any of the transgenic plant cells or vectors described herein, including 
plants generated from the transgenic plant cells or transgenic plants, or by any 
methods described herein. 

Antisense nucleic acids 

[0174] In addition to the nucleic acid molecules encoding the OBP3 
described above, another aspect of the invention pertains to isolated nucleic acid 
molecules that are antisense thereto. An "antisense" nucleic acid comprises a 
nucleotide sequence that is complementary to a "sense" nucleic acid encoding a 
protein, e.g., complementary to the coding strand of a double-stranded cDNA 
molecule or complementary to an mRNA sequence. Accordingly, an antisense 
nucleic acid can hydrogen bond to a sense nucleic acid. The antisense nucleic acid 
can be complementary to an entire OBP3 coding strand, or to only a portion thereof. 
In one embodiment, an antisense nucleic acid molecule is antisense to a "coding 
region" of the coding strand of a nucleotide sequence encoding OBP3. The term 
"coding region" refers to the region of the nucleotide sequence comprising codons 
that are translated into amino acid residues (e.g., the entire coding region of , , , 
comprises nucleotides 1 to . . . ). In another embodiment, the antisense nucleic acid 
molecule is antisense to a "noncoding region" of the coding strand of a nucleotide 
sequence encoding OBP3. The term "noncoding region" refers to 5' and 3' 
sequences that flank the coding region that are not translated into amino acids (i.e., 
also referred to as 5' and 3' untranslated regions). In another embodiment, the 
antisense nucleic acid molecule is antisense to a "coding region" contiguous with a 
"noncoding region" of the coding strand of a nucleotide sequence encoding OBP3. 
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[0175] Given the coding strand sequences encoding the OBP3 disclosed 
herein (e.g., the sequence set forth in SEQ ID NO:1) antisense nucleic acids of the 
invention can be designed according to the rules of Watson and Crick base pairing. 
The antisense nucleic acid molecule can be complementary to the entire coding 
region of OBP3 mRNA, but more preferably is an oligonucleotide which is antisense 
to only a portion of the coding or noncoding region of OBP3 mRNA. For example, 
the antisense oligonucleotide can be complementary to the region surrounding the 
translation start site of OBP3 mRNA. An antisense oligonucleotide can be, for 
example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. 

[0176] An antisense nucleic acid of the invention can be constructed using 
chemical synthesis and enzymatic ligation reactions using procedures known in the 
art. For example, an antisense nucleic acid (e.g., an antisense oligonucleotide) can 
be chemically synthesized using naturally occurring nucleotides or variously modified 
nucleotides designed to increase the biological stability of the molecules or to 
increase the physical stability of the duplex formed between the antisense and 
sense nucleic acids, e.g., phosphorothioate derivatives and acridine substituted 
nucleotides can be used. Examples of modified nucleotides which can be used to 
generate the antisense nucleic acid include 5-fluorouracil, 5-bromouracil, 5- 
chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5- 
(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5- 
carboxymethylaminomet- hyluracil, dihydrouracil, p-D-galactosylqueosine, inosine, 
N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2- 
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, p- 
D-mannosylqueosine, 5-methoxycarboxymethyluracil, 5-methoxyuracil, 2- 
methylthio-N6-isopenten- yladenine, uracil-5-oxyacetic acid (v), wybutoxosine, 
pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4- 
thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid 
(v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6- 
diaminopurine. Alternatively, the antisense nucleic acid can be produced biologically 
using an expression vector into which a nucleic acid has been subcloned in an 
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antisense orientation (i.e., RNA transcribed from the inserted nucleic acid will be of 
an antisense orientation to a target nucleic acid of interest, described further in the 
following subsection). 

[0177] The antisense nucleic acid molecules of the invention are typically 
administered to a cell or generated in situ such that they hybridize with or bind to 
cellular mRNA and/or genomic DNA encoding OBP3 to thereby inhibit expression of 
the protein, e.g., by inhibiting transcription and/or translation. The hybridization can 
be by conventional nucleotide complementarity to form a stable duplex, or, for 
example, in the case of an antisense nucleic acid molecule which binds to DNA 
duplexes, through specific interactions in the major groove of the double helix. The 
antisense molecule can be modified such that it specifically binds to a receptor or an 
antigen expressed on a selected cell surface, e.g., by linking the antisense nucleic 
acid molecule to a peptide or an antibody which binds to a cell surface receptor or 
antigen. The antisense nucleic acid molecule can also be delivered to cells using the 
vectors described herein. To achieve sufficient intracellular concentrations of the 
antisense molecules, vector constructs in which the antisense nucleic acid molecule 
is placed under the control of a strong prokaryotic, viral, or eukaryotic (including 
plant) promoter are preferred. 

[0178] The invention further provides a recombinant expression vector 
comprising an OBP3 DNA molecule of the invention cloned into the expression 
vector in an antisense orientation. That is, the DNA molecule is operatively linked to 
a regulatory sequence in a manner that allows for expression (by transcription of the 
DNA molecule) of an RNA molecule that is antisense to an OBP3 mRNA. Regulatory 
sequences operatively linked to a nucleic acid molecule cloned in the antisense 
orientation can be chosen which direct the continuous expression of the antisense 
RNA molecule in a variety of cell types. For instance, viral promoters and/or 
enhancers, or regulatory sequences can be chosen which direct constitutive, tissue 
specific or cell type specific expression of antisense RNA. The antisense expression 
vector can be in the form of a recombinant plasmid, phagemid or attenuated virus 
wherein antisense nucleic acids are produced under the control of a high efficiency 



58 



WSHU 2064.1 
PATENT 

regulatory region. The activity of the regulatory region can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense genes see Weintraub, H. et a/. (1986) Trends Gen 1 and 
Mol et al. (1990) FEBS Lett 268:427-430. Methods for inhibiting expression in plants 
using antisense constructs, including generation of antisense sequences in situ are 
described, for example, in U.S. Pat. Nos. 5,107,065 and 5,254,800. 

[0179] Accordingly, in one embodiment, the invention is a recombinant 
antisense expression vector comprising: (a) a promoter, said promoter being 
functional in a plant cell; and (b) an antisense coding nucleic acid sequence 
complementary to a nucleic acid sequence encoding an OPB3 polypeptide, wherein 
said antisense nucleic acid sequence is operably linked to said promoter and is 
oriented with respect to said promoter such that RNA produced by said antisense 
coding nucleic acid sequence is complementary to and capable of hybridizing in a 
stringent manner to mRNA encoding OPB3, wherein said OBP3 antisense coding 
nucleic acid comprises a nucleotide sequence of at least 15 contiguous nucleotides 
complementary to SEQ ID NO:1 . In another embodiment, the antisense coding 
nucleic acid sequence comprises a nucleotide sequence of at least 1 5 contiguous 
nucleotides complementary to SEQ ID NO: 12. In another embodiment, the 
antisense coding nucleic acid sequence comprises a nucleotide sequence of at least 
15 contiguous nucleotides complementary to SEQ ID NO:13. In another 
embodiment, the antisense coding nucleic acid sequence comprises a nucleotide 
sequence of at least 15 contiguous nucleotides complementary to SEQ ID NO:14. 
In another embodiment, the antisense coding nucleic acid sequence comprises a 
nucleotide sequence of at least 15 contiguous nucleotides complementary to SEQ 
ID NO:15. In another embodiment, the antisense coding nucleic acid sequence 
comprises a nucleotide sequence of at least 1 5 contiguous nucleotides 
complementary to SEQ ID NO:16. In another embodiment, the antisense coding 
nucleic acid sequence comprises a nucleotide sequence of at least 15 contiguous 
nucleotides complementary to SEQ ID NO:17. In another embodiment, the 
antisense coding nucleic acid sequence comprises a nucleotide sequence of at least 
15 contiguous nucleotides complementary to SEQ ID NO: 18. In another 
embodiment, the antisense coding nucleic acid sequence comprises a nucleotide 
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sequence of at least 15 contiguous nucleotides complementary to SEQ ID NO:19. 
In another embodiment, the antisense coding nucleic acid sequence comprises a 
nucleotide sequence of at least 15 contiguous nucleotides complementary to SEQ 
ID NO:20. In still another embodiment, the said nucleic acid sequence encoding an 
OBP3 polypeptide is selected from the group consisting of: (a) the nucleotide 
sequence shown in SEQ ID NO:1 , or the complement thereof; (b) a nucleotide 
sequence that hybridizes to said nucleotide sequence of (a) under a wash stringency 
equivalent to 0.1X SSC to 2.0X SSC, 0.1% SDS, at 50-65°C, and which encodes a 
polypeptide having activity differing from that of Arabidopsis thaliana OBP3 by about 
40% or less; (c) a nucleotide sequence encoding the same amino acid sequence as 
said nucleotide sequence of (a), but which is degenerate in accordance with the 
degeneracy of the genetic code; and (d) a nucleotide sequence encoding the same 
amino acid sequence as said nucleotide sequence of (b), but which is degenerate in 
accordance with the degeneracy of the genetic code. In another embodiment of the 
invention, the nucleotide sequence of (b) encodes a polypeptide having activity 
differing from that of Arabidopsis thaliana OBP3 by about 30% or less. In another 
embodiment of the invention, the nucleotide sequence of (b) encodes a polypeptide 
having activity differing from that of Arabidopsis thaliana OBP3 by about 20% or 
less. In another embodiment of the invention, the nucleotide sequence of (b) 
encodes a polypeptide having activity differing from that of Arabidopsis thaliana 
OBP3 by about 10% or less. 

[0180] Other methods that can be used to inhibit expression of an 
endogenous gene in a plant may also be used in the present methods. For example, 
formation of a triple helix at an essential region of a duplex gene serves this 
purpose. The triplex code, permitting design of the proper single stranded participant 
is also known in the art. (See H. E. Moser, et al. (1987) Science 238:645-650 and M. 
Cooney, et al (1988) Science 241:456-459). Regions in the control sequences 
containing stretches of purine bases are particularly attractive targets. Triple helix 
formation along with photocrosslinking is described, e.g., in D. Praseuth, et al. 
(1988) Proc. Natl Acad. Sci. USA 85:1349-1353. 
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[0181] In still another embodiment, an antisense nucleic acid of the invention 
is a ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity 
which are capable of cleaving a single-stranded nucleic acid, such as an mRNA, to 
which they have a complementary region. Thus, ribozymes (e.g., hammerhead 
ribozymes described in Haselhoff and Gerlach (1988) Nature 334:585-591) can be 
used to catalytically cleave GBSRP mRNA transcripts to thereby inhibit translation of 
GBSRP mRNA. A ribozyme having specificity for an OBP3-encoding nucleic acid 
can be designed based upon the nucleotide sequence of an OBP3 cDNA. For 
example, a derivative of a Tetrahymena L-19 IVS RNA can be constructed in which 
the nucleotide sequence of the active site is complementary to the nucleotide 
sequence to be cleaved in an OBP3-encoding mRNA. See, e.g., Cech et ai U.S. 
Pat. No. 4,987,071 and Cech etal. U.S. Pat. No. 5,116,742. Alternatively, OBP3 
mRNA can be used to select a catalytic RNA having a specific ribonuclease activity 
from a pool of RNA molecules. See, e.g., Bartel, D. and Szostak, J. W. (1993) 
Science 261:1411-1418. 

[0182] The invention also provides plant, plant tissue and seeds produced by 
the methods of the invention. 

[0183] This invention will be better understood by reference to the following 
Examples, which are intended to merely illustrate the best mode now known for 
practicing the invention. The scope of the invention is not to be considered limited 
thereto, however. 

EXAMPLE 1 
Seedling growth and light conditions 

[0184] Seeds were sterilized by shaking in 70% EtOH with 0.05% Triton X- 
100 for 15 min. After a 15 min treatment in 95% EtOH, seeds were dried on sterile 
Whatman filter paper in a laminar-flow hood. Dry, sterile seeds were sprinkled on 
one-half-strength Murashige Minimal Organics Media with 1.5% sucrose 
(GibcoBRL). Phytagar (0.8%) was used as a gelling agent when kanamycin (30 
mg/L) was included. Phytagel (1%) was used as a gelling agent for media without 



61 



WSHU 2064.1 
PATENT 

kanamycin. Four 17-W fluorescent bulbs (F17T8/TL711, Philips Lighting Company), 
and two 25-W frosted incandescent bulbs (BC25T10/IF, Philips Lighting Company) 
in an incubator (model E-30-B, Percival, Boone IA) supplied the white light. Light 
emitting diodes in an incubator (model E-30-LED, Percival, Boone IA) supplied blue 
and far-red lights. All seedlings were grown at 24°C. Digitized images of seedlings 
were measured as in Neff and Chory (1998) Plant Physiol 1 18:27-36. 

EXAMPLE 2 
Isolation of the sob1-D mutation 

[0185] sob1-D phyB-4 mutant was isolated in an activation-tagging mutant 
screen for suppressors of the phyB-4 long hypocotyl phenotype (Figure 1). 
Arabidopsis phyB-4 mutants were transformed with the activation tagging construct 
pSKI074 (Genbank accession number AF21 8466, Weigel, D. et ai (2000) Plant 
Physiol 122:1003-1013) essentially the same as in Neff, M.M. et ai (1999) Proc Natl 
Acad Sci USA 96:15316-15323. This construct contains a tandem array of four 
head-to-tail copies of enhancer elements from the CaMV 35S promoter (Weigel, D. 
et ai (2000) Plant Physiol 122:1003-1013). These elements are known to enhance 
the expression of nearby open-reading-frames (ORFs) after insertion into the 
Arabidopsis genome, causing a dominant, gain-of-function mutant phenotype. 

[0186] Primary transformants, heterozygous for the transgene were selected 
for on growth media containing of kanamycin (Neff, M.M. et al. (1999) Proc Natl 
Acad Sci USA 96:15316-15323). The conditions (-50 MM/m2/sec of white light, 
24°C) were sufficient to identify those mutants that suppress the long hypocotyl 
phenotype of the phyB-4 mutant. To confirm genetic heritability of the mutant 
phenotype and to begin establishing linkage to the T-DNA transgene, T2 seeds from 
self-fertilized sobUD phyB-4 plants were re-screened on two plates of growth media, 
one with and one without kanamycin. To confirm linkage of the dominant mutant 
phenotype with the T-DNA transgene and to identify individuals homozygous for the 
mutating transgene, T3 seeds from self-fertilized T2 plants were re-screened on two 
plates of growth media, one with and one without kanamycin. 
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EXAMPLE 3 
Plasmid Rescue 

[0187] Genomic DNA adjacent to the enhancer elements was cloned from 
homozygous sob1-D phyB-4 plants via plasmid rescue (Figure 2). Southern analysis 
and plasmid rescue was performed essentially as in Neff, M.M. et al. (1999) Proc 
Natl Acad Sci USA 96:15316-15323. Plant genomic DNA was digested with the 
restriction endonuclease Hindlll and re-ligated with T4 DNA ligase. To identify 
genomic DNA flanking the enhancer elements, the resulting 14.4 kb plasmid, 
pSOBI-H (SEQ ID NO:1), was sequenced with primer P1(SEQ ID NO:3)(5'- 
GCTCTCTCGAGGTCGACGG-3' ) near the Hindlll site in the T-DNA. BLASTn 
analysis indicated that this rescued plasmid contained the entire SOB1/OBP3 ORF 
with the 3* end of the gene closest to the T-DNA enhancer elements. To confirm that 
the genomic DNA adjacent to the enhancers in the pSOB1-H plasmid is the same as 
the genomic DNA in the sob1-D phyB-4 mutant, primers P2 (SEQ ID NO:4)(5'- 
AATTATGCCGAATGTACATGC-3" ) and P3 (SEQ ID NO:5)(5'- 
TAATACGACTCACTATAGGG-3* ) were used for PCR analysis. pSOB1-H includes 
approximately 1 .2kb of non-coding genomic DNA between the enhancer elements 
and the 3' end of the SOB1/OBP3 ORF. Approximately 5.3kb of genomic DNA 5" of 
the ORF is also contained in this rescued plasmid. 

EXAMPLE 4 
RT-PCR analysis of the OBP3 gene 

[0188] RT-PCR analysis was performed essentially the same as in Neff, 
M.M. ef al. (1999) Proc Natl Acad Sci USA 96:15316-15323 (See Figure 3). UBQ10 
primers were used as a template loading control, as in Neff, M.M. ef al. (1999) Proc 
Natl Acad Sci USA 96:15316-15323. The OBP3-specific primers P4 (SEQ ID 
NO:6)(5'-CCATGATGTGTATCCCTCG-3") and P5 (SEQ ID NO:7)(5*- 
GTGGTATG AGTTCTAGTGG-3* ) flank the only predicted intron in the SOB1/OBP3 
ORF. Total RNA was isolated from 7 day-old seedlings grown under the same 
conditions as the original mutant screen. 
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EXAMPLE 5 
Cloning of the sob1-D mutation 

[0189] The sob1-D recapitulation construct, pCC2, was generated by ligating 
a Sad fragment from pSOB1-H into pPZP212 (Hajdukiewicz, P. etal. (1994) Plant 
Mo! Biol 25:989-994) cut with Sacl. The Sad fragment isolated from pCC2 contained 
all four copies of the CaMV 35S enhancer elements, the SOB1/OBP3 ORF and 
approximately 4.1 kb of non-coding DNA 5* of the SOB1/OBP3 ORF. Transgenic 
phyB-4 plants containing this transgene reproducibly recapitulate the sob1-D mutant 
phenotypes in both seedlings (Figure 4) and adults (See Figures 5 and 6), 
demonstrating that the sob 1-D/OBP3-OX mutation can be used to generate dwarf 
Arabidopsis. 

EXAMPLE 6 
Characterization of the sob1-D mutation 

[0190] As adults, the sobUD mutation confers dosage-dependent dwarfism 
in the rosette with homozygous sob1-D/sob1-D lines being more severely dwarfed 
than heterozygous sob1-D/SOB1 lines (Figure 5), suggesting that the dosage of 
sob 1-D/OBP3-OX expression can be used to fine-tune the degree of dwarfism in 
transgenic plants. 

[0191] Clearly the sob1-D/OBP3-OX mutation confers dwarfism in adult 
plants. Dark-grown sob1-D phyB-4 hypocotyls elongate as well or better than the 
wild type and phyB-4 indicates that the dwarfing phenotype conferred by this 
dominant mutation is dependent upon light (Figure 7). 

[0192] To test the possibility that all tissues are dwarfed by the sobl- 
D/OBP3-OX mutation; wildtype, phyB-4 and sob1-D phyB-4 plants were grown in 
white light on vertical agar plates and the roots were measured of a course of many 
days (Figure 8). The roots of the sob1-D phyB~4 mutant grow more than the wild 
type or phyB-4, indicating that the sob1-D/OBP3-OX mutation does not confer 
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dwarfism is all tissues. Thus, this mutation can be used to dwarf the stature of aerial 
tissue without dwarfing root tissue. 

[0193] Though the sob1-D phyB-4 mutant has normal hypocotyl growth in 
the dark (Figure 7), white-light grown seedlings are shorter than either phyB-4 or the 
wild type (Figures 1 and 7), suggesting that the sob1-D phyB-4 mutant is hyper- 
responsive to white light. Fluence response analysis in white light (Figure 9) 
demonstrates that the sob1-D/OBP3-OX mutation confers hyper-responsivity to 
white light suggesting that this is the mechanism by which this mutation suppresses 
the long-hypocotyl phenotype of p/?yB-4mutants. Preliminary analysis shows that the 
sob 1-D/OBP3-OX mutation also confers hyper-responsivity to far-red (Figure 10) 
and blue light (Figure 11). Genetic analysis indicates that the sob 1 -D-mediated 
hyper-responsivity to far-red light requires the far-red-light photoreceptor phyA 
(Figure 10). Genetic analysis also indicates that the sob '/-D-mediated hyper- 
responsivity to blue light requires the blue-light photoreceptor cryl (Figure 1 1 ). The 
sob1-D mutant's hyper-responsivity to white light does not require phyB since the 
sob1-D/OBP3-OX mutation can suppress the long-hypocotyl phenotype of a phyB- 
null allele (data not shown). Thus it appears that the sob1-D mutation is acting as 
bypass suppressor of the weak phyB-4 mutation via the amplification of phyA and 
cryl mediated signal transduction. 

[0194] Genomic DNA was isolated from rosette leaves of mature Arabidopsis 
thaliana plants, ecotype Col-O. The portions of the SOB1/OBP3 gene were 
amplified using the gene-specific primers with restriction endonuclease sites added 
onto the 5' end of each primer (SEQ ID NO:8) (5'- 
CGCGGATCCGTGAAGGCGGAAGAGAATG-3\ (SEQ ID NO:9) 5'- 
CCATCGATCATACATATCACCCACACCTC-3', (SEQ ID NO:10) 5'- 
CGGGGTACCATACATATCACCCACACCTC-3\ and (SEQ ID NO:11) 5'- 
GACCTCGAGTGAAGGCGGAAGAGAATG-3'). The restriction endonuclease sites 
were used to clone both of the fragments into the pHANNIBAL vector (CSIRO Plant 
Industry). The vector was constructed so that the 5' fragment was cloned in the 
sense direction and the 3' fragment was cloned in the antisense direction. The 
pHANNIBAL vector along with the fragments was then cloned into a binary vector, 
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pART27 (CSIRO Plant Industry). An intron separating the two fragments is removed 
post-transcriptionally. After removal of the intron only a double stranded RNA of the 
fragments amplified from the SOB1/OBP3 gene exists, resulting in dominant RNAi- 
mediated inhibition of SOB1/OBP3 transcript accumulation. The SOB1/OBP3 gene 
contains a putative Dof domain at the 5' region of the gene. This domain is common 
in the family of Dof transcription factors in Arabidopsis. Therefore the portion of the 
gene which was used for the RNAi construct was the 3' end which is unique to 
SOB1/OBP3. 

[0195] Clearly the dominant phenotypes seen in the sob1-D phyB-4 mutant 
are the result of over-expression of SOB1/OBP3. However, since this mutant is 
caused by the overexpression of a gene, it is possible that these phenotypes are 
caused by sob1-D being a hypomorphic or neomorphic mutation causing ectopic 
expression (ie. at the wrong time or in the wrong place) of SOB1/OBP3. Thus, these 
dwarfing phenotypes may not be reminiscent of the actual role that OBP3 plays in 
plant development. To test this hypothesis, transgenic plants were generated with 
RNAi-mediated under-expression of SOB1/OBP3 (Figure 12). Adult plants with 
reduced expression of SOB1/OBP3 are significantly larger than the wild type (Figure 
13). Thus for adult morphology, over-expression of SOB1/OBP3 leads to dwarf 
rosettes whereas under-expression of SOB1/OBP3 leads to plant with larger 
rosettes. These results demonstrate that the over- and under-expression of the 
SOB1/OBP3 gene can affect plant stature. 

EXAMPLE 7 
Tobacco Transformation 

[0196] Nicotians tabaccum cv. Samsun was used for transformation. The 
same Agrobacterium strains used for Arabidopsis transformation were grown over 
night until they had reach mid log phase growth. The cultures were diluted 1:10 in 
sterile water and were co-cultivated for 20 min. with leaf disks from sterile grown 
young tobacco plants. These disks were incubated on 2X growth media, 0.8% 
bactoagar (Difco Laboratories, Detroit Mich.) in continuous white light. After 48 
hours, leaf disks were placed upside down on fresh plates of the same growth media 
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supplemented with 0.4 mg/L of indoleacetic acid (IAA), 2 mg/L benzyl-aminopurine 
(hOBAP), 200 mg/L kanamycin and 500 mg/L carbenicillin. This media was replaced 
every 2 weeks. When shoots formed, they were removed from the leaf disk and 
placed on fresh media supplemented with just 200 mg/L kanamycin. Once roots 
formed, plants were transplanted into standard greenhouse conditions and grown 
until flowering. T2 seeds were sterilized for 30 min. in 10% (v/v) bleach with 0.05% 
triton X-100 then washed 3 times with sterile water and plated on 2X growth media, 

0. 8% bactoagar with or without 200 mg/L kanamycin. 

EXAMPLE 8 

General Methods for Altering the Size of a Plant 

[0197] The Description of the Invention above provides a detailed outline for 
the various methods herein disclosed for altering the amount of OBP3 present in a 
plant. The Examples provide the results of applications of the methods herein 
described. The following is intended to provide a non-limiting summary of the typical 
steps employed when altering a plant using the present methods. 

1 . Select Plant 

[0198] The present methods can be applied to any plant that can be altered 
using molecular techniques. As discussed above, there are numerous commercially 
exploited plants whose value would be increased by either shortening the time 
required for maturation into seed producing plants or where it is desirable to 
increase biomass or seed yield. The first step in applying the present methods is to 
select an appropriate plant. Although it is preferable to select a plant that has had 
methods for expression, transformation and regeneration developed, most plants, 
though applied effort, can be transformed and regenerated using methods known in 
the art. 

[0199] As part of choosing a plant, one needs to choose whether to increase 
or decrease the desired size of a plant. As provided above, to increase the size of a 
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plant, the plant is altered so as to contain a decreased amount of OBP3 while to 
decrease the size of a plant, the plant is altered so as to contain an increased 
amount of OBP3. 

2. Chose the alteration method/target that is to be employed 

[0200] The second step may be to decide which method to employ to alter 
the plant. As provided above, the amount of OBP3 can be decreased by inactivating 
or decreasing the amount of the OBP3 gene while the amount of OBP3 can be 
increased by activating or increasing the gene activity within the cell. 

[0201] OBP3 activity can be decreased by (1) the use of antisense 
expression units, (2) creating knockout mutations, (3) forcing the formation of triple 
helixes, and equivalent methods thereto. 

[0202] OBP3 activity can be increased by (1 ) the use of OBP3 expression 
units, (2) increasing the activity of endogenous OBP3 and equivalent methods 
thereto. 

3. Apply the chosen method to the chosen plant 

[0203] Once a plant and target/methods are chosen, the skilled artisan 
simply alters the plant using the chosen method, such as those outlined herein, and 
plants are selected based on the level of OBP3, the expression of the transgene, 
phenotype and equivalent methods thereto. 

[0204] It is to be understood that the present invention has been described in 
detail by way of illustration and example in order to acquaint others skilled in the art 
with the invention, its principles, and its practical application. Further, the specific 
embodiments of the present invention as set forth are not intended to be exhaustive 
or to limit the invention, and that many alternatives, modifications, and variations will 
be apparent to those skilled in the art in light of the foregoing examples and detailed 
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description. Accordingly, this invention is intended to embrace all such alternatives, 
modifications, and variations that fall within the spirit and scope of the following 
claims. While some of the examples and descriptions above include some 
conclusions about the way the invention may function, the inventors do not intend to 
be bound by those conclusions and functions, but put them forth only as possible 
explanations in light of current understanding. 

[0205] The invention being thus described, it will be obvious that the same 
can be varied in many ways. Such variations are not be regarded as a departure 
from the spirit and scope of the present invention, and all such modifications and 
equivalents as would be obvious to one skilled in the art are intended to be included 
in the scope of the following claims. In addition, all references cited herein are 
hereby incorporated herein by reference. 
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